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(54) Information recording medium, and recording method and reproducing method thereof 



(57) An information recording medium in which bot- 
toms of a guide groove and a pit array formed on a disc 
substrate are allocated on a same flat plane and shaped 
in flat. Further, in a transition area from a pit array to a 
guide groove or from a guide groove to a pit array, the 



information recording medium is provided with an inter- 
mediate area composed of a pit array of which height 
changes from a height between a bottom and a side of 
a groove to another height between the bottom and a 
side of the pit array. 
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Description 

Field of the Invention: 

[0001 ] The present invention relates to an information 
recording medium, and a recording method and a repro- 
ducing method thereof, wherein the information record- 
ing medium is composed of a recording/reproducing ar- 
ea provided with a guide groove and a groove and a 
read only area formed with a pit array, and further, the 
information recording medium is formed with an address 
information of the recording/reproducing area on a land 
provided between guide grooves as a land pre-pit (here- 
inafter referred to LPP), and particularly, relates to an 
information recording medium enabling to be recorded 
and reproduced such as a DVD-RW (Digital Versatile 
Disc for Re-recordable) disc, and a recording method 
and a reproducing method thereof. 

Description of the Related Art: 

[0002] Generally, in a high density recordable optical 
disc (hereinafter abbreviated as a recordable optical 
disc) such as a DVD-RW disc, which is interchangeable 
with a DVD video disc and can be recorded a plurality 
of times, a contents to be protected by copyright and 
other contents must be identified and prevented from 
illegal copying of the contents so as not to be recorded 
or reproduced. Basically, a DVD-Video disc is a read on- 
ly disc. The DVD-Video disc is recorded with a copyright 
information for prohibiting copying contents of the DVD- 
Video disc by using a contents scramble system (here- 
inafter abbreviated as CSS) in a certain area, which is 
an information area related to copyright protection such 
as the CSS system. A system protecting illegal copying 
is employed such that an information related to the cop- 
yright protection such as the CSS system is read out by 
a DVD-Video disc reproducing apparatus, and then the 
reproducing apparatus reproduces contents of the 
DVD-Video disc by using the information related to the 
copyright protection. 

[0003] In a case that a recordable optical disc, which 
is recorded with contents of a DVD-Video disc in con- 
junction with an information related to copyright protec- 
tion by a recording apparatus for a high density disc, is 
reproduced by a DVD-Video disc reproducing appara- 
tus, there existed a problem such that the information 
related to copyright protection can be read out and the 
contents of the DVD-Video disc being prohibited to copy 
can be reproduced. Accordingly, copyright protection of 
a DVD-Video disc, which is prohibited to copy, can not 
be fully protected. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, in consideration of the above- 
mentioned problems of the prior art, an object of the 
present invention is to provide an information recording 



medium such as a DVD-RW disc, which can be recorded 
and reproduced, and a recording method and a repro- 
ducing method thereof. 

[0005] In order to achieve the above object, the 

s present invention provides, according to a first aspect 
thereof, an information recording medium comprising: 
an information track formed spirally or in coaxial circles; 
a recordable area for information being prerecorded 
with a frequency signal and an address signal from an 

to inner circumference of the information track; and a read 
only area being recorded with a reproduction signal as 
a readable pit, wherein there existed a boundary be- 
tween the recordable area and the read only area. 
[0006] According to a second aspect of the present 

is invention, there provided an information recording me- 
dium comprising: an information track formed spirally or 
in coaxial circles; a first read only area recorded with a 
frequency signal being recorded as a pit being able to 
read out a reproduction signal; and a second read only 

20 area recorded as a pit being unable to read out a repro- 
duction signal and prerecorded with a frequency signal 
and an address signal, wherein there existed a bound- 
ary between the first read only area and the second read 
only area. 

25 [0007] According to a third aspect of the present in- 
vention, there provided an information recording medi- 
um comprising: an information track formed spirally or 
in coaxial circles; a recordable area for information be- 
ing prerecorded with a frequency signal and an address 

30 signal from an inner circumference of the information 
track; a first read only area recorded with a frequency 
signal being recorded as a pit being able to read out a 
reproduction signal; and a second read only area re- 
corded as a pit being unable to read out a reproduction 

35 signal and prerecorded with a frequency signal and an 
address signal, wherein there existed a boundary be- 
tween the recordable area and the first read only area 
and another boundary between the first read only area 
and the second read only area. 

40 [0008] According to a fourth aspect of the present in- 
vention, there provided a recording method of the 
above-mentioned information recording medium, the re- 
cording method comprising steps of: identifying the in- 
formation recording medium by reproducing an identifi- 
es cation information out of information recorded on the in- 
formation recording medium; judging the boundary be- 
ing identified in the step of identifying by using an ad- 
dress information; and recording in a vicinity of the 
boundary for performing a recording process by altering 

so a control method of tracking. 

[0009] According to a fifth aspect of the present inven- 
tion, there provided a reproducing method of the above- 
mentioned information recording medium, the reproduc- 
ing method comprising steps of: identifying the informa- 

55 tion recording medium by reproducing an identification 
information out of information recorded on the informa- 
tion recording medium; judging the boundary being 
identified in the step of identifying by using an address 
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Fig. 1 0 shows a configuration of a lead-in area and 
a data area of an information recording medium ac- 
cording to a third embodiment of the present inven- 
tion. 

5 Fig. 11(a) shows a configuration of a lead-in area 
and a data area of an information recording medium 
according to a fourth embodiment of the present in- 
vention. 

Fig. 11(b) is a comparison table showing differences 
10 between a type 4 and a type 5 shown in Fig. 1 1 (a). 
Fig. 12(a) shows a configuration of a lead-in area 
and a data area of an information recording medium 
according to a fifth embodiment of the present in- 
vention. 

15 Figs. 12(b) through 12(d) are comparison tables 
showing differences between a type 6 and a type 7 
shown in Fig. 12(a). 

Fig. 13(a) is a partially enlarged cross sectional 
view of a resist board of an information recording 

20 medium according to a sixth embodiment of the 
present invention in a cutting state. 
Fig. 1 3(b) is a partially enlarged plan view of the re- 
sist board shown in Fig. 13(a). 
Fig. 14(a) shows a configuration of a lead-in area 

25 and a data area of an information recording medium 
according to the sixth embodiment of the present 
invention. 

Figs. 14(b) and 14(c) are comparison tables show- 
ing differences between a type 6 and a type 8 shown 
30 in Fig. 14(a). 

Fig. 15 is a waveform of a tracking error signal ac- 
cording to a seventh embodiment of the present in- 
vention. 

35 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



information; and reproducing the boundary for perform- 
ing a reproducing process by altering a control method 
of reproducing. 

[001 0] Other object and further features of the present 
invention will be apparent from the following detailed de- 
scription when read in conjunction with the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF DRAWINGS 
[0011] 

Fig. 1 (a) is a partially enlarged cross sectional view 
of a resist board of an information recording medi- 
um according to a first embodiment of the present 
invention. 

Fig. 1 (b) is a partially enlarged plan view of the resist 
board shown in Fig. 1(a). 

Fig. 2(a) shows configuration of a data sector, which 
constitutes a recording information to be recorded 
on an information recording medium of the present 
invention. 

Fig. 2(b) shows an ECC block being composed of 
the data sector shown in Fig. 2(a) 
Figs. 3(a) to 3(d) are exemplary drawings for ex- 
plaining that an ECC blocked data is recorded sec- 
tor by sector in a specific area of an information re- 
cording medium of the present invention. 
Fig. 4 shows a physical format of one sector in a 
DVD-RW (Digital Versatile Disc for Re- recordable) 
disc, which is one embodiment of an information re- 
cording medium according to the present invention. 
Fig. 5 shows a configuration of a lead-in area and 
a data area of an information recording medium of 
the present invention. 

Fig. 6(a) is a partially enlarged cross sectional view 
of a resist board of an information recording medi- 
um according to a second embodiment of the 
present invention. 

Fig. 6(b) is a partially enlarged plan view of the resist 
board shown in Fig. 6(a). 

Fig. 7(a) is a comparative example of a partially en- 
larged cross sectional view of a resist board of an 
information recording medium in a cutting state. 
Fig. 7(b) is a partially enlarged plan view of the resist 
board shown in Fig. 7(a). 

Fig. 8(a) is another comparative example of a par- 
tially enlarged cross sectional view of a resist board 
of an information recording medium in a cutting 
state. 

Fig. 8(b) is a partially enlarged plan view of the resist 
board shown in Fig. 8(a). 

Fig. 9(a) is a track configuration of a type one disc 
showing allocation of recording and reproducing 
operation according to the present invention. 
Fig. 9(b) is a track configuration of a type two disc 
showing allocation of recording and reproducing 
operation according to the present invention. 



[001 2] Prior to depict each embodiment of the present 
invention, configuration and recording method of a re- 

40 cordable disc such as a DVD-RW (Digital Versatile Disc 
for Re-recordable) is described first in general. 
[0013] In a recordable disc such as a DVD-RW disc, 
an information related to a copyright protection informa- 
tion is recorded in a specific area (an information area 

45 for copyright) of the DVD-RW disc by an emboss pre- 
pit, wherein the specific area is usually recorded with a 
copyright protection information of a DVD video in a nor- 
mal state and is treated so as not to be able to overwrite 
the recorded copyright protection information. By his 

so method, in a case that a DVD video contents, which is 
not comply with the copyright protection information, is 
recorded on a DVD-RW disc by using a high density disc 
recording apparatus, and then the DVD video contents 
is reproduced by a DVD video reproducing apparatus, 

55 the copyright protection information corresponding to 
the contents can not be reproduced, so that the DVD 
video contents can not be reproduced. Accordingly, cop- 
yright of a DVD video, which is prohibited from copying, 
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can be protected. 
[0014] A recordable optical disc is prerecorded with 
various information such that a prerecorded information 
such as a condition of specifying luminous energy of a 
laser beam for recording, a disc type, and a name of 
manufacturer, or an address information for being able 
to find out a specific position of a recordable guide 
groove and further, a frequency information utilized for 
controlling a number of rotations of the disc are prere- 
corded in a specific position respectively. 
[0015] Such a recordable optical disc is designed to 
be used immediately after the disc is purchased. As de- 
scribed in following paragraphs (1) through (3), it is 
caused by being recorded with the prerecorded infor- 
mation or the address information in a specific position 
as mentioned above. 

(1) The above-mentioned prerecorded information 
is recorded as an emboss pit when cutting a master 
disc. By forming a disc substrate by using a metal 
mother mold, which is produced by the master disc, 
the prerecorded information is recorded in a specific 
position of the disc substrate of the above-men- 
tioned recordable optical disc such as a lead-in area 
of the disc. Further, in a case that the above-men- 
tioned prerecorded information is not recorded 
while cutting a master disc, the information is addi- 
tionally recorded in the above-mentioned specific 
position as a pit or a mark by using a recording de- 
vice for recording the prerecorded information. 

(2) On the other hand, the above-mentioned ad- 
dress information is recorded as an LPP (Land Pre- 
Pit) in a specific position of a guide groove of which 
width is widened. 

(3) Further, the above-mentioned frequency infor- 
mation is recorded as a wobble frequency, which is 
a frequency of wobbling a guide groove microscop- 
ically in a radial direction. 

[0016] Recording the above-mentioned prerecorded 
information, address information, frequency informa- 
tion, and a guide groove in a specific position of a disc 
substrate is actually performed as follows: coating pho- 
tosensitive resist uniformly on a glass substrate, which 
is polished flat, in a thickness of corresponding to a 
depth of guide groove. In a case that a recordable optical 
disc is a DVD-RW disc, the photosensitive resist is coat- 
ed uniformly on the glass substrate as thick as approx- 
imately 30 nm. 

[001 7] The glass substrate uniformly coated with pho- 
tosensitive resist (hereinafter referred to resist board) is 
transferred to a cutting apparatus. The cutting appara- 
tus is equipped with a laser beam control device, which 
makes a laser beam for cutting irradiated from a light 
source intermitted or wobbled microscopically right and 
left in a radial direction. By irradiating the laser beam for 
cutting, which is an intermittent light beam or wobbled 
microscopically in the radial direction, on the resist 



board, the above-mentioned prerecorded information 
and address information and frequency information are 
recorded in an specific position respectively after the re- 
sist board is mounted on a predetermined position in the 

s cutting apparatus. 

[001 8] Two laser beams for cutting are utilized herein, 
one of them is utilized for forming a guide groove in a 
continuous light beam and the other is utilized for form- 
ing an LLP in an intermittent light beam. Further, the pre- 

10 recorded information mentioned above is recorded as a 
pit in a predetermined position such as a lead-in area 
by intermitting the laser beam for cutting utilized for 
forming a guide groove. 

[001 9] The resist board is developed after cutting the 
is resist board, and then a shape information, which is the 
aforementioned prerecorded information and address 
information and frequency information and guide 
groove, is deposited as shape change on the resist 
board. The developed resist board is covered with a 
conductive thin film. By using an electroplating method, 
the shape information on the resist board is transcribed 
on a plated board. The plated board is formed in prede- 
termined dimensions and becomes a metal mother 
mold. By using an injection-molding machine installed 
with the metal mother mold, the shape information is 
transcribed on a plastic substrate as shape change. Ac- 
cordingly, a disc substrate for a recordable optical disc 
is obtained. 

[0020] The specific position on the disc substrate at 
where the shape change is transcribed is called an in- 
formation surface. A functional film for recording is 
formed on the information surface and finally a record- 
able optical disc is manufactured through various after- 
processes. The disc substrate produced through an in- 
jection-molding process by using the metal mother mold 
mentioned above has guide grooves and pits in a same 
depth throughout the disc substrate. 
[0021] As mentioned above, since a guide groove of 
a recordable optical disc is formed in a necessary depth 
for tracking guide while recording, when a signal from a 
recorded recording mark is maximally read out while re- 
producing, a problem such that reflectivity decreases 
due to a phase difference of reflected light caused by a 
depth difference between a land of a recording groove 
and the guide groove arises. In a case of the land groove 
recording method utilized for a repeatedly rewritable 
DVD-RAM (DVD-Random Access Memory) disc, a 
guide groove is formed as deep as possible so as to 
decrease an inter-track cross-talk between a land allo- 
cated between guide grooves and a groove or a guide 
groove. However, a depth of a guide groove is usually 
formed shallower than a depth from which a guide signal 
can most effectively be read out, that is, approximately 
one eighth of a reproduction wavelength of laser beam. 
Further, a tracking operation for a guide groove is per- 
formed by the push-pull method. 
[0022] On the other hand, in a case of a read only disc 
such as a DVD-ROM (DVD-Read Only Memory) disc, a 
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pit depth is designated to be a certain depth at where 
diffraction by a laser beam is effectively performed, that 
is, approximately one quarter of a reproduction wave- 
length of the laser beam so as to obtain a reproduction 
signal as large as possible. Therefore, a signal neces- 
sary for tracking can not be sufficiently obtained by the 
push-pull method applied to a pit array, so that a tracking 
operation is performed by the phase difference method. 
[0023] As mentioned above, in a case of a DVD- RAM 
disc as a recordable optical disc, a depth of a guide 
groove is designated so as to perform recording and re- 
producing operation effectively. In a case of a DVD- 
ROM disc as a read only disc, a depth of a pit is desig- 
nated so as to be convenient for reproducing. 

[Comparative Example] 

[0024] Following two methods (1 ) and (2) are consid- 
ered to provide a guide groove and a pit of which depth 
is different from each other in one disc substrate of a 
recordable optical disc. 

[0025] Figs. 7(a) and 7(b) are a comparative example 
of a partially enlarged cross sectional view and a plan 
view of a resist board of an information recording medi- 
um of the present invention respectively in a cutting 
state. 

[0026] Figs. 8(a) and 8(b) are another comparative 
example of a partially enlarged cross sectional view and 
a plan view of a resist board of an information recording 
medium of the present invention respectively in a cutting 
state. 

[0027] In Figs. 7(a) and 8(a), reference signs "A" and 
"B" are a laser beam "A" for cutting utilized for forming 
a pit and a guide groove and a laser beam "B" for cutting 
utilized for forming a land pre-pit (LPP) respectively. 
[0028] In Figs. 7(b) and 8(b) and in a following expla- 
nation, a symbol "LPP" shows a land pre-pit, which is 
formed on a land. 

(1) A first cutting method is such that as shown in 
Figs. 7(a) and 7(b), by changing an output of a laser 
beam for cutting (hereinafter referred to laser beam 
"A") utilized for forming pits P11 and P12 and guide 
grooves G11 and G12 while cutting a resist board 
110, a depth convenient for reproducing a pit is 
formed by a certain output of the laser beam °A" and 
a shallower guide groove convenient for recording 
the guide groove is formed by another output of the 
laser beam "A". However, according to the first cut- 
ting method, a bottom of the shallower guide groove 
does not reach a top surface of a glass substrate 
101 allocated under a resist layer, so that a bottom 
surface of the guide groove is determined by output 
distribution of the laser beam °A H not by the glass 
substrate 101. Therefore, a shape of a bottom of 
guide groove becomes a funnel shape not flat. Ac- 
tual output distribution of the laser beam "A B is un- 
even as maximum at a center of the laser beam, so 



8 

that uniformity of a bottom surface of a guide groove 
is hardly realized. Accordingly, a signal character- 
istic of recording and reproducing is severely dete- 
riorated. 

5 (2) With respect to a second cutting method, as 

shown in Figs. 8(a) and 8(b), both the laser beam 
"A" for forming pits P21 and P22 and guide grooves 
G21 and G22 and the laser beam "B" for forming a 
land pre-pit are utilized while cutting a resist board 
10 1 20. By using the laser beam "A" in a constant out- 
put, the pits P21 and P22 and guide grooves G21 
and G22 are formed in a same depth respectively, 
wherein each bottom of the pits P21 and P22 reach- 
es the top surface of the glass substrate 101 allo- 
cs cated under a resist layer. Further, the second cut- 
ting method is such that a resist adjacent to both 
edges of a guide groove is exposed as high as de- 
sired by using the laser beam "B" and a relative 
depth among guide grooves are adjusted. By using 
the second cutting method, each bottom of the 
guide grooves G21 and G22 is the top surface of 
the glass substrate 101 , so that a bottom shape of 
the guide grooves G21 and G22 becomes flat. Ac- 
cordingly, a similar recording and reproducing char- 
acteristic to a current disc formed only with guide 
grooves can be obtained. 

[0029] However, while reproducing a boundary at 
where a pit array changes over to a guide groove and 
vise versa, the second cutting method generates disor- 
der such that a pit signal and a LPP signal at a position 
of changing from a pit array and another pit array over 
to a guide groove and vise versa is deficient, an ampli- 
tude difference between the pit signal and the land pre- 
pit signal occurs, a tracking signal amplitude varies by 
a method such as the push-pull method, and offset oc- 
curs because a height of a resist allocated between two 
pit arrays is different from that of another resist allocated 
between a pit array and a guide groove or between a 
guide groove and a pit array. 

[0030] As mentioned above, in a case that a pit array 
having a depth of convenient for reproducing exists to- 
gether with a guide groove having a depth of convenient 
for recording and reproducing in one recordable optical 
disc, it is desirable to design a guide groove of which 
bottom reaches a top surface of a glass substrate and 
becomes flat in order to fully ensure a recording and re- 
producing characteristic of the guide groove. Further, 
while reproducing a transitional area from a pit array to 
a guide groove and/or from a guide groove to a pit array, 
it is found that there is existed a recording apparatus, 
which is deficient in a pit signal and disordered in repro- 
duction tracking by the push-pull method at the transi- 
tional area. This is caused by that the recording appa- 
ratus can not correctly read out a signal of pit array, 
which is affected by adjustment of resist thickness of an 
adjacent guide groove in a transitional area from a guide 
groove to a pit array. Therefore, the pit array and the 
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guide groove are deficient in total signal information of 
adjacent pit arrays. In such a recording apparatus of be- 
ing disordered in tracking, a tracking control signal 
shows an abnormal value at a transitional area from a 
pit array to a guide groove and/or from a guide groove 
to a pit array and tracking becomes out of order. Accord- 
ingly, a position of reproducing track skips more than 
some ten tracks and recording and reproducing of a de- 
sired position can not be performed. 
[0031] Accordingly, in order to obtain a sufficient re- 
production signal by recording in a guide groove and re- 
producing from the guide groove and in order to record 
an information disabled to rewrite in a pit array, it is nec- 
essary for a depth of a guide groove and a pit array to 
be an optimum depth respectively. Further, both bot- 
toms of a guide groove and a pit are allocated at a top 
surface of a glass substrate and are fiat. A disc as one 
recordable optical disc is required, wherein a pit array 
and a guide groove of the disc are excellent in a record- 
ing and reproducing characteristic, further, the disc can 
comply with recording and reproducing even though a 
pit signal drops out at a transitional area from a pit to a 
guide groove, and wherein a tracking signal is not dis- 
turbed by any tracking method. 

[0032] With returning back to common description to 
each embodiment, a data configuration and a format will 
be depicted. 

[0033] According to an aspect of the present inven- 
tion, there provided an information recording medium, 
which can stably reproduce a copyright protection infor- 
mation of a read only pit array and can record contents 
in accordance with the copyright protection information. 
Particularly, positions of bottoms of a guide groove and 
a pit array formed on a disc substrate are in a same flat 
surface and bottom shapes of them are flat. Further, 
there provided an intermediate area being composed of 
a pit array of which height changes between a height 
from a bottom surface to a sidewall of a guide groove 
and another height from the bottom surface to a sidewall 
of the pit array. By reproducing the intermediate area 
with a tracking method of either the differential push-pull 
system or the phase differential system, an excellent re- 
production information can be obtained from a read only 
pit array and a record only guide groove respectively. 
Furthermore, an optimum tracking characteristic can al- 
ways be obtained in an area not recorded as well as in 
a recorded area. 

[0034] Fig. 2(a) shows configuration of a data sector, 
which constitutes a recording information to be recorded 
on an information recording medium of the present in- 
vention. 

[0035] Fig. 2(b) shows an ECC block being composed 

of the data sector shown in Fig. 2(a) 

[0036] Figs. 3(a) to 3(d) are exemplary drawings for 

explaining that an ECC blocked data is recorded sector 

by sector in a specific area of an information recording 

medium of the present invention. 

[0037] Fig. 4 shows a physical format of one sector in 



a DVD-RW disc, which is one embodiment of an infor- 
mation recording medium according to the present in- 
vention. 

[0038] By using a DVD-RW disc as an embodiment 
5 of an information recording medium of the present in- 
vention, recording an information on the DVD-RW disc 
is mainly explained in a following description. However, 
the present invention can apply to other recordable disc 
such as a CD-RW (Compact Disc-ReWritable) disc and 
w a DVD+RW disc, and a high density optical disc such 
as a DVD disc in a next generation. 
[0039] First of all, with referring to Figs. 2(a) through 
4, a physical format in general and an error correction 
process of a recording information or a lead- in informa- 
15 tion is depicted when the recording information is re- 
corded on a DVD-RW disc. 

[0040] With referring to Figs. 2(a) and 2(b), an error 
correction code (ECC) block as an error correction unit 
in an error correction process of a DVD-RW disc of the 
present invention is explained. 

[0041] Generally, a recording information to be re- 
corded on a DVD-RW disc is constituted by a physical 
configuration being composed of a plurality of data sec- 
tors 20 shown in Fig. 2(a). 2064 bytes of one data sector 
20 comprises 4 bytes of an ID information 21 indicating 
a start position of the data sector 20, 2 bytes of an ID 
information error correction code (IED) 22 for correcting 
an error of the ID information 21 , 6 bytes of a spare data 
(such as CMP) 23, 2048 bytes of a data area 24 for stor- 
ing a main data to be recorded, and 4 bytes of an error 
detection code (EDC) 25 for detecting an error in the 
data area 24 in order from a head of the data sector. A 
sequence of a plurality of data sectors 20 configures a 
recording information to be recorded. 
[0042] With referring to Fig. 2(b), a process of config- 
uring an ECC block by using the data sector 20 is de- 
picted next. As shown in Fig. 2(b), one data sector 20 
composed of 2064 bytes is divided into 12 blocks 33-1 
through 33-12, which are composed of 172 bytes re- 
spectively. Each divided block (hereinafter generically 
referred to a data block 33) is allocated in a vertical di- 
rection, wherein 12 lines of the data block 33 are allo- 
cated in the vertical direction. 

[0043] Adding a 1 0-byte ECC parity in (PI) code 31 to 
an end of each data block 33 configures one correction 
block 34. In this stage, 12 lines of correction block 34 
added with the PI code 31 are allocated in the vertical 
direction. After that, the process is applied to 16 data 
sectors 20 repeatedly. Accordingly, 192 lines of correc- 
tion blocks 34-1 through 34-192 are obtained. 
[0044] While 192 correction blocks 34-1 through 
34-192 (hereinafter generically referred to correction 
blocks 34) are drawn up in 192 lines vertically, the 192 
correction blocks 34 are divided into one byte each from 
an each head of correction blocks 34 in the vertical di- 
rection. In other words, each line of correction blocks 34 
is divided into 1 82 data horizontally. Then, 1 6 ECC parity 
out (PO) codes 32 are added to each data of divided 
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correction blocks 34, wherein the PO code 32 is also 
added to data included in the PI code 31 . 
[0045] By the above-mentioned process, one ECC 
block 30 including 16 data sectors 20 each of which is 
composed of 1 2 lines of data blocks 33 is configured as 
shown in Fig. 2(b). In this case, a total amount of infor- 
mation included in one ECC block 30 is: 
(172 + 10) bytes x (192 + 16) lines = 37856 bytes. Fur- 
ther, an actual amount of data, which are recorded in 
the data area 24 of one data sector 20, is: 2048 bytes 
X 16 = 32768 bytes. 

[0046] Furthermore, one byte of data is indicated as 
"D#.*" in the ECC block 30 shown in Fig. 2(b). The 
M D1 .0", for example, indicates one byte of data, which 
is allocated in the first line and in the zeroth column. In 
a case of "D1 90.1 70", it is one byte of data allocated in 
the 190th line and in the 170th column. Moreover, the 
PI code 32 is allocated in the 172nd through 181st col- 
umns, and the PO code 32 is allocated in the 192nd 
through 207th lines. 

[0047] In addition thereto, one correction block 34 is 
continuously recorded on a DVD-RW disc. As shown in 
Fig. 2(b), in order to correct a data drawn up in the hor- 
izontal direction by the PI code 31 and to correct a data 
drawn up in the vertical direction by the PO code 32, the 
ECC block 30 is configured to include both the PI code 
31 and the PO code 32. In other words, in the ECC block 
30 shown in Fig. 2(b), it is possible to correct error dou- 
bly in the horizontal direction and the vertical direction. 
Accordingly, a stronger error correction than the error 
correction process utilized for a conventional CD disc 
can be ensured. 

[0048] An actual error correction is depicted next, fn 
a case that one correction block 34, which is composed 
of a data of 182 bytes in total including one line of PI 
code 31 as mentioned above and is recorded on a DVD- 
RW disc continuously, is up to 5 bytes, for example, an 
error can be corrected even though a part of the data is 
destroyed by a scratch or a cut. However, in a case that 
one correction block 34 is more than 6 bytes and all the 
one line of data is destroyed by a scratch on a DVD-RW 
disc, the PI code 31 can not correct the data any more. 
Although all the one line of data is destroyed, it is only 
one byte of a destroyed data for one column of the PO 
code 32 with viewing from a vertical direction. Accord- 
ingly, by correcting an error by using each line of the PO 
code 32, the error can be properly corrected and a data 
can be accurately reproduced even though one correc- 
tion block 34 is totally destroyed. However, a scratch 
must be minimized because the scratch may cause an 
error of a next horizontal line in a vertical direction if the 
scratch of a horizontal line is enlarged as far as consid- 
ering an acquired scratch. In this connection, an error 
in a vertical direction can be corrected even though a 
data in 8 vertical columns is destroyed. Further, errors 
in 1 6 vertical columns can also be corrected by the eras- 
er correction method. 

[0049] With referring to Figs. 3(a) through 3(d), they 



depict how the data sector 20, which is configured to be 
the ECC block 30 shown in Fig. 2(b), is actualiy recorded 
on a DVD-RW disc. In Figs: 3(a) through 3(d), a data 
indicated as tt D#.* M is corresponding to a data indicated 
5 in Fig. 2(b). 

[0050] When recording the ECC block 30 on a DVD- 
RW disc, as shown in Figs. 3(a) and 3(b), the ECC block 
30 is divided into 16 recording sectors 40-1 through 
40-1 6 (hereinafter generically referred to recording sec- 
tor 40) by being drawn up per each correction block 34 
in one line horizontally and by being interleaved. In this 
case, one recording sector 40 is composed of 2366 
bytes (37856 bytes + 1 6) of information. In the recording 
sector 40, there existed the data sector 20, the PI code 
31, and the PO code 32 mixed. However, the ID infor- 
mation 21 shown in Fig. 2(a) is allocated at a head of 
each recording sector 40. 

[0051] One recording sector 40 is divided into 91 
bytes each of a data 41 , and a sync "H" is added to each 
data 41 as shown in Fig. 3(c). The recording sector 40 
is modulated by the eight to sixteen (8/16) modulation 
method, and then the recording sector 40 is divided into 
26 sync frames 42-1 through 42-26 (hereinafter gener- 
ically referred to sync frame 42) and one sync frame 42 
is formed per each data 41 as shown in Fig. 3(d). In other 
words, one recording sector is composed of 26 sync H" 
and 26 data 43-1 through 43-26 (hereinafter generically 
referred to data 43) and each sync frame 42 is com- 
posed of a sync H' and a data 43. Further, an information 
amount of one sync frame 42 is: 91 bytes X8x (16 + 
8) = 1456 bytes. An information is recorded on a DVD- 
RW disc by a series of the sync frame 42. 
[0052] With referring to Fig. 4, the above-mentioned 
configuration is summarized. A head sector of one ECC 
block 30 being composed of 1 6 sectors is configured as 
a physical format as shown in Fig. 4. In other words, one 
horizontal line is composed of 172 bytes of data, 10 
bytes of the PI code 31 , and 4 bytes of sync, and is con- 
figured 186 bytes in total. Further, the head sector is 
composed of 12 lines and one line of PO code 32, and 
configured 13 lines in total. The sync is composed of 2 
bytes each of HO through H25, that is, 26 in total. 
[0053] By recording an information on a DVD-RW disc 
with configuring the physical format as mentioned 
above, an amount of data blocks being destroyed can 
be minimized by performing the 8/1 6 demodulation and 
de-interleave when reproducing the information, and the 
original ECC block 30 can be restored thereby. Accord- 
ingly, the information can most accurately be repro- 
duced by performing a powerful error correction as men- 
tioned above. An information relating to copyright pro- 
tection such as a media key block, which is allocated in 
a lead-in information area, is recorded as a part of data 
of such the ECC block. 

[First Embodiment] 

[0054] According to a first embodiment of the present 
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invention, there is provided a recordable optical disc as 
an information recording medium. The recordable opti- 
cal disc is designed such that a groove depth of a guide 
groove and a pit depth of a pit array is different from 
each other by exposing resist of a guide groove, and 
that bottoms of a guide groove and a pit array are formed 
by a top surface of a glass substrate. Further, in a tran- 
sitional area from a pit array to a guide groove or vise 
versa, an intermediate area, wherein a height of a guide 
groove is changed, is provided by changing an output 
of a laser beam for exposing resist. A tracking error sig- 
nal in an allowable amplitude difference and a signal 
within a range of offset level can be obtained by the dif- 
ferential push-pull method and the differential phase de- 
tect (DPD) method in the intermediate area. 
[0055] By the above-mentioned method, it is con- 
firmed that a pit signal of a pit array adjacent to a guide 
groove in a transitional area from the pit array to the 
guide groove or vise versa is not severely affected by 
resist exposure for adjusting a resist thickness of the 
guide groove. Further, dropout or damage of a pit shape 
does not occur, so that a pit recording information can 
be accurately read out and a recording information can 
be accurately recorded in a recording area. 
[0056] Fig. 1 (a) is a partially enlarged cross sectional 
view of a resist board of an information recording medi- 
um according to a first embodiment of the present in- 
vention. 

[0057] Fig. 1 (b) is a partially enlarged plan view of the 
resist board shown in Fig. 1(a). 

[0058] An information recording medium according to 
the first embodiment of the present invention is a record- 
able optical disc having a disc substrate formed with a 
resist board 100 shown in Figs. 1(a) and 1(b). In Fig. 1 
(a), the recordable optical disc is composed of read only 
areas P1 and P2, a recording/reproducing area A1 
formed with guide grooves 1a through 1c (hereinafter 
generically referred to guide groove u 1 n ) and an inter- 
mediate area, which is formed between the areas P1 
and P2. Further, as shown in Fig. 1(b), other guide 
grooves 2a through 2d (hereinafter generically referred 
to guide groove "2") are allocated in the area P2. Fur- 
thermore, a guide groove "3" is allocated in the interme- 
diate area. 

[0059] As shown in Figs. 1 (a) and 1 (b), all bottoms of 
pit arrays PAa through PAc (hereinafter generically re- 
ferred to pit array PA) in the area P1 , pit arrays PBa 
through PBd (hereinafter referred to pit array PB) in the 
area P2, and a pit array PM in the intermediate area are 
in a same flat level, wherein each bottom of pit arrays 
PA, PB, and PM is allocated on a top surface of a glass 
substrate 101. 

[0060] A pit depth, that is, an optical pit depth of the 
pit array PM to a bottom of the pit array PM in the inter- 
mediate area is constituted so as to decrease, for ex- 
ample, from an optical depth "a" of a land L101 to an 
optical depth M b° of a land L102 as shown in Figs. 1(a) 
and 1(b). 



[0061] As mentioned above, in a recordable optical 
disc from which a reproduction signal can be obtained 
sufficiently by recording in and reproducing from a guide 
groove and further, on which a not rewritable information 

5 can be recorded by a pit array, a groove depth of guide 
groove and a pit depth of a pit array is necessary to be 
a most suitable depth respectively. Furthermore, both 
bottoms of a guide groove and a pit are positioned on a 
top surface of the glass substrate 101. Moreover, the 

10 recordable optical disc must be excellent in a recording 
and reproducing characteristic. In addition thereto, the 
recordable optical disc must be a disc such that a pit 
signal does not drop out or a tracking signal is not dis- 
turbed in a transitional area from a pit to a guide groove 

15 or vise versa. 

[0062] Referring back to Figs. 1 (a) and 1 (b), a master 
disc of a recordable optical disc according to the first 
embodiment is produced by a cutting device (not shown) 
in accordance with following processes. 

20 [0063] Resist is coated over the glass substrate 101 
of which surface is finely ground as thick as a most deep 
shape corresponding to a pit depth of a pit array. Two 
laser beams M A M and "B M are irradiated from a laser beam 
source (not shown). A light polarizing device (not 

25 shown) for shifting a laser beam to right and left slightly 
in a horizontal direction and a light modulator (not 
shown) for changing laser beam strength is provided in 
a light path of the laser beam "A". 
[0064] As shown in Fig. 1 (a), on the resist board 1 00, 

30 a guide groove n 1" of which bottom is allocated on the 
top surface of the glass substrate 1 01 is recorded by the 
laser beam "A" in a laser beam strength PA1 suitable 
for recording a guide groove "1", wherein the bottom of 
the guide groove "1" is exposed as deep as the top sur- 

35 face of the glass substrate 101. The guide groove "1 " is 
slightly wobbled by a predetermined frequency. On the 
other hand, the laser beam "B" records in a laser beam 
strength PB1 so as to remain a necessary thickness of 
resist for forming the guide groove "1". Because there 

40 is existed thicker resist than necessary thickness for 
forming a guide groove having a proper groove depth in 
a land, which is allocated between the guide grooves 
"1 B . Further, the light modulator (not shown) outputs cer- 
tain laser beam strength necessary to form a land pre- 

45 pit (LPP) when recording the LPP. 

[0065] As shown in Fig. 1(a), the other guide groove 
"2", which is provided in a pit area composed of the pit 
array PB in the area P2, is exposed by the laser beam 
"A" being suitable for recording such a guide groove "2" 

50 after the guide groove "1" in the area A1 is formed, 
wherein a bottom of the guide groove "2" is desired to 
be exposed as deep as the top surface of the glass sub- 
strate 101 . However, the depth is not limited to the de- 
sired depth. A specific thickness of resist necessary for 

55 the pit array PB in the area P2 is formed on a land be- 
tween the pit arrays PB by using the laser beam n B" in 
a laser beam strength PB3 so as to remain a resist thick- 
ness equivalent to that of the guide groove T in the 
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area A1 and so as to increase a resist thickness gradu- 
ally, Further, in the guide groove "1" adjacent to the pit 
array PB in the area P2, a certain thickness of resist 
equivalent to that of the pit array PB in the area P2 is 
formed by the laser beam "B" in a laser beam strength 
PB1 . Furthermore, the laser beam "B" outputs a laser 
beam in certain strength necessary for forming a LPP 
when recording the LPP. In this case, the laser beam 
"B" can be slightly wobbled by a predetermined frequen- 
cy. 

[0066] Such an identification information for identify- 
ing a recordable optical disc is recorded in the area P1 
having the pit array PA by using the laser beam "A" in a 
laser beam strength PA2 being suitable for recording a 
pit and for exposing all resist in a depth direction. Fur- 
ther, the area P1 is exposed as deep as the top surface 
of the glass substrate 101 . In this case, the pit array PA 
is slightly wobbled by a predetermined frequency. How- 
ever, in some cases, wobbling is not necessary. 
[0067] As mentioned above, the recording/reproduc- 
ing area (area A1 ), the read only area (areas P1 and 
P2), and the intermediate area is formed. Accordingly, 
the guide groove "1", pit arrays PA and PB, and the LPP 
is recorded on one resist board 100 as a latent image. 
[0068] In a succeeding developing process, the latent 
image is deposited as a shape change and transferred 
to a metal master disc producing process. In the metal 
master disc producing process, the resist board 100 is 
covered with a conductive film such as nickel and 
formed with a nickel film thereon by nickel plating. A met- 
al master disc formed with nickel is peeled off from the 
resist board 1 00. The peeled off metal master disc is 
cleaned and processed in predetermined dimensions so 
as to be installed on an injection mold. The metal master 
disc processed is called a mother die. The mother die 
is installed on the injection mold and a plastic disc sub- 
strate is formed by an injection molding method. 
[0069] A functional film for recording or a recording 
layer is filmed on the disc substrate. A protective film, 
for example, is coated thereon or another substrate 
called a dummy substrate is stuck on the disc substrate. 
Accordingly, a recordable disc can be produced. 
[0070] As shown in Figs. 1(a) and 1(b), the interme- 
diate area having the pit array PM is formed between 
the area P1 having the pit array PA and the area P2 hav- 
ing the pit array PB. An optical depth of the pit array PM 
in the intermediate area is a same optical depth as that 
of the area P1 or is shallower than that of the area P1 
slightly. In some cases, an optical depth can not be reg- 
ulated accurately. 

[0071] A formatting method of a disc is depicted next. 
[0072] Fig. 5 shows configuration of a lead-in area 
and a data area of an information recording medium of 
the present invention. 

[0073] In Fig. 5, a "type 1 " represents a type of a disc 
such as shown in Figs. 8(a) and 8(b), wherein an area 
changes continuously from a track of a read only pit area 
in a right side of the disc to a recordable groove area in 



a left side of the disc. On the other hand, a "type 2" rep- 
resents another type of a disc such as shown in Figs. 1 
(a) and 1(b), wherein there is existed an area having a 
pit as an intermediate area of which depth changes be- 
5 tween a track provided in a read only pit area in a right 
side of the disc and a recordable groove area in a left 
side of the disc. 

[0074] Fig. 5 exhibits a structure of a disc according 
to the present invention over a lead-in area allocated in 
an innermost circumference area through a data area 
allocated in an outer most circumference area. A man- 
ufacturing process varies in these areas as mentioned 
above. The structure is constituted as a format so as to 
be able to exist two types of discs, "type 1 " and "type 2", 
together. The format is not so well in a signal perform- 
ance or a recording and reproducing characteristic for 
a type 1 disc. However, the type 1 disc can rather easily 
be manufactured. On the other hand, with respect to a 
type 2 disc, the format is desirable for a signal perform- 
ance or a recording and reproducing characteristic. Fur- 
ther, a manufacturing method can be more flexible by 
being existed two methods, which restrict a signal per- 
formance in an intermediate area, together. 
[0075] A lead-in area of a type 1 disc is divided into 
four regions from an inner circumference area to an out- 
er circumference area in order. The four regions are as 
follows: 

(1-1) A first region covering from an inner circum- 
ference area as an area of enabling to record and 
reproduce over to another area of enabling to 
record and reproduce having a LPP, which includes 
an information such as an address in a land area 
allocated side of a wobbled groove area having a 
depth of approximately A/1 2 in an outer circumfer- 
ence direction, and an tracking error signal of the 
differential push-pull method can be obtained there- 
in, such as an "initial zone", a "system reserved 
zone", a "buffer zone 0 (zero)" being composed of 
totally "OOh", a "RW-physical format information 
zone", a "reference code zone", a "buffer zone 1", 
and a "linking loss area". 

(1-2) A second region is a "control data zone" or a 
"readable emboss zone without LPP" area, which 
is a read only area of enabling to read out a record- 
ing signal and enabling to obtain a DPD (differential 
phase detect) tracking error signal composed of a 
pre-pit without a LPP, and further, includes an infor- 
mation related to copyright protection and a lead-in 
information, wherein the region is constituted by a 
depth of approximately A/4 and wobbled. 
(1 -3) A third region is an "unreadable emboss zone 
with LPP" area, which is a read only area of being 
not able to read out a recording/reproducing signal 
although being able to obtain a DPD tracking error 
signal composed of a pre-pit with a LPP, wherein 
the zone is constituted by a depth of approximately 
A/12 and wobbled. 
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(1 -4) A fourth region is composed of a "buffer zone 
2", which is an area of enabling to record and repro- 
duce having a LPP including an information such 
as an address in a land area allocated side of a 
groove area in an outer circumference direction with 
wobbled, wherein an tracking error signal of the dif- 
ferential push-pull method can be obtained, and a 
"data area" for recording user's contents succeed- 
ing thereafter. 

[0076] In Fig. 5, an alphanumeric letters indicated at 
the right upper corner of each zone is a start address of 
each zone. An operation of a type 1 disc while recording 
is shown as "Write Mode" and an operation while repro- 
ducing is shown as "Read Mode" in the left side of Fig. 
5 respectively. Wordings such as "recording", "reading", 
and "seek" represent a recording operation, a reproduc- 
ing operation, and a seeking operation or a skipping a 
track operation respectively. Further, a wording "read 
gen wclk" represents an operation of producing a re- 
cording clock signal and a recording timing signal by re- 
producing a wobble signal and a LPP address signal. 
[0077] A lead-in area of a type 2 disc is divided into 
six regions from an inner circumference area to an outer 
circumference area in order. The six regions are as fol- 
lows: 

(2-1) A first region covering from an inner circum- 
ference area as an area of enabling to record and 
reproduce over to another area of enabling to 
record and reproduce having a LPP, which includes 
an information such as an address in a land area 
allocated side of a wobbled groove area having a 
depth of approximately A/12 in an outer circumfer- 
ence direction, and an tracking error signal by the 
differential push-pull method can be obtained there- 
in, such as the "initial zone", the "system reserved 
zone", the "buffer zone 0 (zero)" being composed 
of totally "00 h" , the " RW-physical format information 
zone", and the "reference code zone". 
(2-2) A second region is composed of a "boundary 
flag zone 1", which is an arbitrary zone to be pro- 
vided, recorded with a code of judging a disc wheth- 
er the disc is a type 1 or a type 2 and a "boundary 
emboss zone 1" as the aforementioned intermedi- 
ate area, wherein the "boundary emboss zone 1 " is 
a pit area formed with a depth from A/1 2 to A/4 ap- 
proximately and wobbled. Further a tracking error 
signal by the differential push-pull method and a 
DPD tracking error signal can be obtained there- 
from, wherein a "boundary flag 1 " is written in a LPP 
or the "control data zone". 

(2-3) A third region is the "control data zone" or the 
"readable emboss zone without LPP" area, which 
is a read only area of enabling to read out a record- 
ing signal and enabling to obtain a DPD tracking er- 
ror signal composed of a pre-pit without a LPP, and 
further, includes an information related to copyright 



protection and a lead-in information, wherein the re- 
gion is constituted by a depth of approximately A/4 
and wobbled. 

(2-4) A fourth region is composed of a "boundary 
flag zone 2", which is an arbitrary zone to be pro- 
vided, recorded with a code of judging a disc wheth- 
er the disc is a type 1 or a type 2 and a "boundary 
emboss zone 2" constituted in reverse to the afore- 
mentioned intermediate area, wherein the "bound- 
ary emboss zone 2" is a pit area formed with a depth 
from A/4 to A/1 2 approximately and recorded with 
wobbling and a LPP. Further, a tracking error signal 
by the differential push-pull method and a DPD 
tracking error signal can be obtained therefrom, 
wherein the LPP is arbitrarily to be recorded, and 
wherein a "boundary flag 2" is written in the "control 
data zone". 

(2-5) A fifth region is the "unreadable emboss zone 
with LPP" area, which is a read only area of being 
not able to read out a recording/reproducing signal 
although being able to obtain a DPD tracking error 
signal composed of a pre-pit with a LPP, wherein 
the zone is constituted by a depth of approximately 
A/12 and wobbled. 

(2-6) A sixth region is composed of the "buffer zone 
2", which is an area of enabling to record and repro- 
duce having a LPP including an information such 
as an address in a land area allocated side of a 
groove area in an outer circumference direction with 
wobbled and a depth of approximately A/12, where- 
in an tracking error signal by the push-pull method 
can be obtained, and the "data area" for recording 
user's contents. 

[0078] In Fig. 5, an alphanumeric letters indicated at 
the right upper corner of each zone is a start address of 
each zone. An operation of a type 2 disc while recording 
is shown as "Write Mode" and an operation while repro- 
ducing is shown as "Read Mode" in the right side of Fig. 
5 respectively. Wordings such as "recording", "reading", 
and "seek" represent a recording operation, a reproduc- 
ing operation, and a seeking operation or a skipping a 
track operation respectively. Further, a wording "read 
gen wclk" represents an operation of producing a re- 
cording clock signal and a recording timing signal by re- 
producing a wobble signal and a LPP address signal. 
[0079] Both the "boundary flag zone 1" and the 
"boundary flag zone 2" are not necessary to be allocated 
in the specific regions as shown in Fig. 5. However, they 
must be prerecorded with embedding in the "control da- 
ta zone" having a lead-in information in conjunction with 
an address information of a LPP in a recordable area so 
as to change a method of recording/reproducing in ac- 
cordance with a type of disc, type 1 or type 2, and so as 
to be able to judge whether a disc to be recorded and 
reproduced is the type 1 or type 2. 
[0080] Fig. 9(a) is a track configuration of a type 1 disc 
showing allocation of recording and reproducing opera- 
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tion according to the present invention. 
[0081 ] Fig. 9(b) is a track configuration of a type 2 disc 
showing allocation of recording and reproducing opera- 
tion according to the present invention. 
[0082] In Figs. 9(a) and 9(b), track numbers 1 through 
9 follow a track arrangement from an inner circumferen- 
tial track to an outer circumferential track in order. A 
wording "recording" in a "Track" line under the track 
number indicates that a track No. 1 is a recording track, 
for example. A wording "pit" in a third line indicates that 
there existed a pit in a track. A wording "LPP" in a fourth 
line indicates that there existed an LPP on a land. A 
"Depth" is a cross sectional view of respective tracks 
showing relative depth of respective tracks. In Fig. 9(a), 
each track of track numbers 1 and 2 of a type 1 disc is 
an area of enabling to record and reproduce having a 
LPP, which possesses an information such as an ad- 
dress in a land area allocated to a side of a groove area 
having a depth of approximately A/1 2 in an outer circum- 
ferential direction. The track numbers 1 and 2 are equiv- 
alent to the "initial zone", the "system reserved zone", 
the "buffer zone 0", the "RW-physical format information 
zone", the "reference code zone", the "buffer zone 1", 
and the "linking loss area" shown in Fig. 5, wherein a 
tracking error signal by the differential push-pull method 
can be obtained from these zones and area. A wobbling 
signal is allocated to all the areas shown in Figs. 5 and 
9(a). 

[0083] Each track of track numbers 3 and 4 of the type 
1 disc is configured by a depth of approximately A/4 and 
is the "control data zone" or the "readable emboss with- 
out LPP" area, which is the read only area of enabling 
to read out a recorded signal, wherein a DPD tracking 
error signal composed of a pre-pit without a LPP can be 
obtained. 

[0084] Each track of track numbers 5, 6, and 7 of the 
type 1 disc is configured by a depth of approximately A/ 
1 2 and is the "unreadable emboss with LPP" area, which 
is the read only area of disabling to read out a recorded 
signal, wherein a DPD tracking error signal composed 
of a pre-pit with a LPP can be obtained. 
[0085] Each track of track numbers 8 and 9 of the type 

1 disc is the "data area", which is an area of enabling to 
record and reproduce, wherein a tracking error signal 
by the differential push-pull method having a LPP, which 
possesses an information such as an address in a land 
area allocated to a side of a groove area in an outer 
circumferential direction. 

[0086] In Fig. 9(b), a track of track number 1 of a type 

2 disc is an area of enabling to record and reproduce 
having a LPP, which possesses an information such as 
an address in a land area allocated to a side of a groove 
area having a depth of approximately A/12 in an outer 
circumferential direction. The track number 1 is equiva- 
lent to the "initial zone", the "system reserved zone", the 
"buffer zone 0", the "RW-physical format information 
zone", and the "reference code zone" shown in Fig. 5, 
wherein a tracking error signal by the differential push- 



pull method can be obtained from these zones. 
[0087] A track of track number 2 of the type 2 disc is 
an intermediate area. 

[0088] Each track of track numbers 3 and 4 of the type 
5 2 disc is configured by a depth of approximately A/4 and 
is the "control data zone" or the "readable emboss with- 
out LPP" area, which is the read only area of enabling 
to read out a recorded signal, wherein a DPD tracking 
error signal composed of a pre-pit without a LPP can be 
io obtained. 

[0089] A track of track number 5 of the type 2 disc is 
another intermediate area. 

[0090] Each track of track numbers 6 and 7 of the type 
2 disc is configured by a depth of approximately A /1 2 
15 and is the "unreadable emboss with LPP" area, which 
is the read only area of disabling to read out a recorded 
signal, wherein a DPD tracking error signal composed 
of a pre-pit with a LPP can be obtained. 
[0091 ] Each track of track numbers 8 and 9 of the type 
2 disc is the "data area", which is an area of enabling to 
record and reproduce, wherein a tracking error signal 
by the differential push-pull method having a LPP, which 
possesses an information such as an address in a land 
area allocated to a side of a groove area in an outer 
circumferential direction. 

[0092] In the above-mentioned allocations, it is nec- 
essary for a disc to be judged whether the disc is the 
type 1 or the type 2 when recording or reproducing. With 
respect to a detecting method of the type 1 or the type 
2, when a disc is loaded and processed to start, the disc 
is judged whether a value of the type 1 or the type 2 is 
recorded in the "control data zone" of the disc having 
the above-mentioned lead-in information by reproduc- 
ing the "control data zone". Then the disc is judged by 
the value. The value can be read out by either a record- 
ing apparatus or a reproducing apparatus as the same 
detecting method as mentioned above. Further, the val- 
ue of type 1 ortype 2 is recorded as a LPP in the "bound- 
ary flag zone 1 " and the "boundary flag zone 2", so that 
the disc can be judged by reading out the value when 
recording. This method can be applied for a recording 
by a recording apparatus. This type of recording can be 
performed by any other method if the value can be de- 
tected from a disc not recorded. 

[0093] In a case that a disc of type 1 is recorded in 
tracks in an order of a track number form the track 
number 1 , that is, in the order of the "Write Mode" indi- 
cated in the left side of Fig. 5, each track of track num- 
bers 1 , 2, 8, and 9 is a track to be recorded. As men- 
tioned above, there existed a wobbling frequency signal 
on both sides of each track in all areas. By detecting the 
frequency signal, and by feeding back a velocity signal 
for rotating the disc, the disc is controlled by a constant 
linear velocity and a recording clock signal is produced. 
Succeedingly, a LPP recorded in a land is detected and 
an address signal is produced. A recording starts at a 
predetermined linking timing of the track in accordance 
with the produced address signal. In other words, a re- 
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cording of the "initial zone" through the "linking loss ar- 
ea" in accordance with the "Write Mode" shown in the 
left side of Fig. 5 starts. Further, the recording is inter- 
rupted at a linking timing of an address corresponding 
to the track number 3 and the "Write Mode" is in a read- 
ing mode. 

[0094] The track of the track number 3 is composed 
of a pit of enabling to reproduce a recording area without 
a LPP signal. An address is detected from the pit of en- 
abling to reproduce and the "control data zone" or the 
"readable emboss without LPP" area is reproduced as 
far as the track number 4. 

[0095] Each track of track numbers 5 through 7 is a 
track, wherein a signal of a pit can not be reproduced. 
However, since a wobble signal and a LPP signal is ex- 
isted in the area, the wobble signal and the LPP address 
is reproduced while reproducing the track, and then a 
recording clock and recording timing signals are pro- 
duced. This is corresponding to reproducing the "un- 
readable emboss with LPP" area in accordance with the 
"reading gen wclk" mode of the "Write Mode" shown in 
the left side of Fig. 5. In tracks of the track number 8 and 
above, a recording starts at a linking timing as same as 
the preceding track and performs a recording process 
thereafter. This is corresponding to recording the "buffer 
zone 2" and the "data area" in accordance with the "re- 
cording" mode of the "Write Mode" shown in the left side 
of Fig. 5. 

[0096] On the other hand, in a disc of type 1 , both side 
of each track is symmetrical with respect to a center axis 
of the track. Tracking error signals by the differential 
push-pull at a boundary of each track of the track num- 
bers 2 and 3, each track of the track numbers 4 and 5, 
and each track of the track numbers 7 and 8 can be con- 
tinuously obtained within some extent of amplitude dif- 
ference. 

[0097] As mentioned above, since a boundary of pit 
area can be continuously recorded, an RF signal can 
continuously be obtained while reproducing. Further, a 
process while reproducing shown as the "Read Mode" 
in the left side of Fig. 5 is performed by obtaining a track- 
ing error signal by the DPD method, in some cases, the 
differential push-pull method can also be acceptable, 
and tracks of the track number 1 through the track 
number 9 are reproduced in order. In other words, zones 
including the "initial zone" through the "control data 
zone" are reproduced as shown by the "reading" of the 
"Read Mode" in the left side of Fig. 5. During this proc- 
ess, a signal of each track of the track numbers 5, 6, 
and 7 can not be reproduced, so that these tracks are 
skipped. This is corresponding to the "seek" mode of the 
"unreadable emboss with LPP" area and the "buffer 
zone 2" in the "Read Mode" shown in the left side of Fig. 
5. Tracks of the track number 8 and above are continu- 
ously reproduced thereafter, that is, the "data area" is 
reproduced in response to the "reading" mode in the 
"Read Mode" shown in the left side of Fig. 5. 
[0098] When recording a disc of type 2 in tracks of 



track number 1 and above in order, each track of track 
numbers 1,8, and 9 is a track to be recorded. In a disc 
of type 1 , a track of track number 2 is a recordable track. 
However, in a disc of type 2, a track of track number 2 
5 is an intermediate area or a track having a pit. It is 
caused by that depths of lands allocated both sides of 
the track are different from each other in a track of track 
number 2 of a disc of type 2. Therefore, a signal can not 
be obtained by signal amplitude and an offset level of 
the signal equivalent to those of a preceding track, al- 
though a wobble and LPP signals necessary for record- 
ing are recorded. Further, a recording clock signal and 
a timing signal may not be accurately obtained. 
[0099] A track of track number 5 is also an intermedi- 
ate area as same as the track number 2. In a track of 
track number 5 of a disc of type 2, depths of lands allo- 
cated both sides of the track are different from each oth- 
er. Therefore, a signal can not be obtained by signal am- 
plitude and an offset level of the signal equivalent to 
those of a preceding track, although a wobble and LPP 
signals necessary for recording are recorded. Further, 
a recording clock signal and a timing signal may not be 
accurately obtained. Accordingly, obtaining the record- 
ing clock signal and the timing signal can be performed 
at a track of track number 6 and above 
[01 00] A sequence of recording process shown in the 
"Write Mode" in the right side of Fig. 5 is depicted next. 
In a track of track number 1 , there existed a wobbling 
frequency signal on both sides of a track as mentioned 
above. By detecting the frequency signal, and by feed- 
ing back a velocity signal for rotating the disc, a record- 
ing clock signal is produced in conjunction with control- 
ling the disc in a constant linear velocity. Succeedingly, 
a LPP recorded in a land is detected and an address 
signal is produced. At a predetermined linking timing of 
the track in accordance with the produced address sig- 
nal as a timing signal, a "recording" mode of recording 
the "initial zone" through the "boundary flag zone 1" in 
the "Write Mode" shown in the right side of Fig. 5 starts. 
[0101] The "recording" mode is interrupted and 
changed into a reproducing mode at a linking timing of 
an address corresponding to the track of track number 
2. Since a recording area of the track of track number 2 
is composed of a pit of disabling or enabling to repro- 
duce, reading the track is skipped over. This process is 
skipping the "boundary emboss zone 1" shown by an 
arrow with a broken line succeeding the "recording" 
mode of the "Write Mode" in the right side of Fig. 5. A 
recording area of a track of track number 3 is composed 
of a pit of enabling to reproduce without a LPP signal. 
An address is detected from a pit of enabling to repro- 
duce and tracks up to the track number 4 are reproduced 
in accordance with the address. This process is repro- 
ducing the "control data zone" or the "readable emboss 
without LPP" area and the "boundary flag zone 2" in the 
"reading" mode of the "Write Mode" shown in the right 
side of Fig. 5. 

[01 02] In a track of track number 5, a signal of pit may 
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not be reproduced or a LPP signal may not be accurately 
reproduced, so that reproducing the track is skipped 
over. Each track of track numbers 5 through 7 is a track, 
wherein a signal of a pit can not be reproduced. How- 
ever, since a wobble signal and a LPP signal is existed 
in the area, the wobble signal and the LPP address is 
reproduced while reproducing the track, and then a re- 
cording clock and recording timing signals are pro- 
duced. This process is corresponding to reproducing the 
"unreadable emboss with LPP° area in the "reading gen 
wclk" mode of the "Write Mode" shown in the right side 
of Fig. 5. In tracks of the track number 8 and above, a 
recording mode starts at a linking timing as same man- 
ner as the preceding track and a recording process is 
performed thereafter. This process is corresponding to 
recording the "buffer zone 2" and the "data area" in the 
"recording" mode of the "Write Mode" shown in the right 
side of Fig. 5. 

[0103] In a disc of type 2, tacks of track numbers 2 
and 5, which are intermediate areas at both sides of the 
track, are asymmetrical with respect to a center axis. At 
a boundary of the track, a tracking error signal by the 
differential push-pull system can be continuously ob- 
tained within some extent of amplitude difference al- 
though the tracking error signal can not be accurately 
recorded or reproduced due to the amplitude difference 
or generating offset. 

[01 04] Bou ndaries of pit areas can be continuously re- 
corded if the areas are allocated as mentioned above, 
so that an RF signal can be continuously obtained while 
reproducing. A reproducing process, which is shown in 
the "Read Mode" in the right side of Fig. 5, is performed 
by reproducing tracks of track numbers 1 through 9 in 
order for obtaining a tracking error signal by either the 
DPD method or the differential push-pull method. In a 
disc of type 2, since a signal of each track of track num- 
bers 2, 5, 6, and 7 can not be reproduced, reproducing 
the tracks is skipped over. The process is a seek mode 
of seeking the "initial zone" through the "boundary em- 
boss zone 1" and the "boundary flag zone 2" through 
the "buffer zone 2" as shown by the "seek" of the "Read 
Mode" in the right side of Fig. 5. Each track of track num- 
bers 3, 4, 8, and above is continuously reproduced 
thereafter. This process is a reproducing mode of repro- 
ducing the "control data zone" or the "readable emboss 
without LPP" area through the "boundary flag zone 2" 
and the "data area" as shown by the "reading" of the 
"Read Mode" in the right side of Fig. 5 
[0105] In a case that a type of a disc can not be de- 
tected and is decided as the type 1 , or in a case that a 
disc of type 2 is accidentally detected as the type 1 , the 
present invention is effective for these kind of incorrect 
detection. In other words, in these cases, a recording 
apparatus tries to perform a recording process on the 
track of track number 2. However, by the track number 
2, an LPP signal can not accurately be detected al- 
though a wobble signal is detected, so that either the 
recording process is interrupted or the recording proc- 



ess is performed with interpolating the LPP signal by a 
signal processing circuit. If the track of track number 2 
is recorded totally, since a tracking error signal can be 
obtained from the area while reproducing the track, the 

5 area can be continuously reproduced without any prob- 
lem although a reproduction signal can not be read out 
from the track of track number 2. Further, an LPP signal 
may not be read out from a track of track number 5. How- 
ever, an LPP signal can be read out from a succeeding 

10 track, so that a recording and reproducing process can 
be continuously performed without any problem. 

[Second Embodiment] 

15 [0106] Fig. 6(a) is a partially enlarged cross sectional 
view of a resist board of an information recording medi- 
um according to a second embodiment of the present 
invention. 

[01 07] Fig. 6(b) is a partially enlarged plan view of the 
resist board shown in Fig. 6(a). 

[0108] An information recording medium of the sec- 
ond embodiment is very similar to that of the first em- 
bodiment. Therefore, differences from the first embodi- 
ment are explained hereto. An information recording 
medium according to the second embodiment of the 
present invention is a recordable optical disc having a 
disc substrate formed with a resist board 200 shown in 
Figs. 6(a) and 6(b). In Fig. 6(a), the recordable optical 
disc is composed of a read only area P201 , a recording/ 
reproducing area A201 formed with a guide groove "1" 
and an intermediate area, which is formed between the 
areas P201 and A201 . 

[0109] As shown in Figs. 6(a) and 6(b), bottoms of pit 
arrays PAa through PAc (hereinafter generically referred 
to pit array PA) in the area P201 and a pit array PM in 
the intermediate area are in a same flat level, wherein 
each bottom of pit arrays faces toward a glass substrate 
101. 

[0110] A pit depth, that is, an optical pit depth of the 
pit array PM to a bottom of the pit array PM in the inter- 
mediate area is constituted so as to decrease, for ex- 
ample, from an optical depth "c" of a land L201 to an 
optical depth "d" of a land L202 as shown in Figs. 6(a) 
and 6(b). 

[Third Embodiment] 

[01 1 1 ] Fig. 1 0 shows a configuration of a lead-in area 
and a data area of an information recording medium ac- 
cording to a third embodiment of the present invention. 
[0112] A major difference between Fig. 5 and Fig. 10 
is such that the "buffer zone 1" of the type 2 shown in 
Fig. 5 is referred to an "unreadable emboss with LPP 
boundary flag 1 " area in Fig. 1 0. In this case, a wobble 
signal is recorded in all areas and the wobble signal can 
be obtained from all the areas. This type of disc is de- 
fined as a type 3. With respect to recording and repro- 
ducing operations of a type 3 disc, the operations of re- 
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cording and reproducing are shown by a "Write Mode" 
and a "Read Mode" respectively in the right side of Fig. 
1 0. These operations of the type 3 is a same as those 
of the type 2 except for the "unreadable emboss with 
LPP boundary flag 1" area. Therefore, the same opera- 
tion as that of the type 2 is omitted from a description of 
the type 3. A different operation from the type 2 is as 
follows. 

[0113] An area of the "unreadable emboss with LPP 
boundary flag 1" is a same as the area of the "unread- 
able emboss with LPP". The "boundary flag 1" is written 
in an LPP of the area of "unreadable emboss with LPP 
boundary flag 1" or in a "control data zone". In Fig. 10, 
since the "boundary flag 1" is recorded in the "unread- 
able emboss" area instead of recording in the "buffer 
zone 1 " basically, a recording process finishes at a "ref- 
erence code zone" preceding the "unreadable emboss 
with LPP" area and is changed over to a reproducing 
operation. Further, a "boundary flag 2° is written in the 
"control data zone", In addition thereto, recording and 
reproducing operations of type 1 in Fig. 1 0 are a same 
as those of the type 1 in Fig. 5, so that a description of 
the type 1 is omitted. 

[Fourth Embodiment] 

[0114] Fig. 11(a) shows a configuration of a lead-in 
area and a data area of an information recording medi- 
um according to a fourth embodiment of the present in- 
vention. 

[01 1 5] Fig. 1 1 (b) is a comparison table showing differ- 
ences between a type 4 and a type 5 shown in Fig. 11 
(a), wherein wording "WBL" represents "wobbling". In 
this configuration, a wobble signal is recorded in all ar- 
eas and the wobble signal can be obtained from all the 
areas. In Fig. 11(a), the type 4 and the type 5 is provided 
with both the "boundary emboss zone 1" and the 
"boundary emboss zone 2" of the type 2 shown in Fig. 
5, which are allocated at the same addresses common 
to the type 1 and the type 2 shown in Fig. 5. As men- 
tioned above, the "boundary emboss zone 1" and the 
"boundary emboss zone 2" is an area composed of an 
emboss pit shown in a comparison table in Fig. 11(b). 
In the type 4, wobble and LPP signals are recorded. On 
the other hand, in the type 5, a wobble signal is record- 
ed. However, it is not required for the type 5 to be re- 
corded with an LPP. Further, an LPP signal can not be 
accurately read out from the area of the "boundary em- 
boss zone 1" and the "boundary emboss zone 2" al- 
though the LPP signal is recorded in the area. Further- 
more, it is not necessary for an emboss pit in the area 
whether or not the emboss pit can reproduce a data. An 
identification information for indicating the type 4 or type 
5 is prerecorded in an LPP signal or in a readable read 
only area such as the "control data zone". 
[0116] By formatting as mentioned above, recording 
and reproducing operations shown by the "Write Mode" 
and the "Read Mode" in the left side of Fig. 11(a) are as 



follows: the "Write Mode" starts with recording a "initial 
zone" through a "liking loss area", the "Write Mode" is 
changed into a "reading" mode and a wobble signal is 
read out from an "unreadable emboss with LPP" area, 
5 a clock signal for recording is produced, an address sig- 
nal is produced from the LPP and a timing for recording 
is produced in a "reading gen wclk" mode, and then an- 
other reading mode starts from a "buffer zone 2". In ad- 
dition thereto, the "Read Mode" is the same as that of 
10 the second embodiment. Accordingly, a description of 
the "Read Mode" is omitted. 

[01 17] As mentioned above, exactly the same record- 
ing and reproducing method can be applied to a disc of 
either the type 4 or type 5, so that designing a device or 
an apparatus can be easier. In a case of the type 4, as 
mentioned above, a tracking signal can be obtained by 
either the push-pull or the differential push-pull method 
without any problem. On the other hand, in a case of the 
type 5, a tracking signal can be obtained by the differ- 
ential push-pull method. However, by the push-pull 
method, it is hard to pass through the "boundary emboss 
zone 1 " and the "boundary emboss zone 2" continuous- 
ly. By prerecording an identification information for iden- 
tifying the type 4 or type 5 such as a "type 4 flag" and a 
"type 5 flag" in a LPP or in a read only area such as a 
readable "control data zone", an appropriate method 
can be applied to a respective disc of type 4 or type 5. 
[0118] Types of discs explained in each embodiment 
are classified hereto. Since the type 1 and the type 4 
belongs to a same group, the type 1 represents gener- 
ically the group hereinafter. Further, the type 2, type 3, 
and type 5 is classified into another group, so that the 
type 2 generically represent the other group hereinafter. 
By configuring a lead-in area and a data area as men- 
tioned above, two different manufacturing methods for 
the type 1 and type 2 can be allowed. Further, a tracking 
error signal can be continuously obtained when record- 
ing or reproducing a disc. Therefore, a recording or re- 
producing can be continuously performed without inter- 
ruption. Accordingly, a DVD-RW disc can be increased 
in performance on value added without affecting a cur- 
rently available reproducing apparatus for a DVD-ROM 
disc or a DVD video disc. 

[0119] Furthermore, in the above-mentioned embod- 
iments, the "boundary emboss zone 1" and the "bound- 
ary emboss zone 2" composed of a pit area of one track 
respectively is provided as an intermediate area allocat- 
ed either between a read only area and a recording area 
or between a read only area and another read only area. 
However, It is apparent that the intermediate area can 
be composed of more than two tracks. As seen from Fig. 
5, difference between the type 1 and the type 2 is minor. 
With defining such that both the "boundary emboss zone 
1" being a boundary between a recording area and a 
read only area and the "boundary emboss zone 2" being 
another boundary between a first read only area and a 
second read only area are a boundary, which is not nec- 
essary to be recorded if an address can not be detected 
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accurately, or which is not necessary to read out a re- 
production signal accurately, the type 1 and the type 2 
can be unified into a common format. 

[Fifth Embodiment] 5 

[0120] Fig. 12(a) shows a configuration of a lead-in 
area and a data area of an information recording medi- 
um according to a fifth embodiment of the present in- 
vention. 10 
[0121] Figs. 12(b) through 12(d) are comparison ta- 
bles showing differences in structure between a type 6 
and a type 7. In Figs. 12(c) and 12(d), a wording WBL 
indicates wobbling. 

[01 22] In this configuration, a wobble signal is record- is 
ed in all areas and the wobble signal can be obtained 
from all the areas. In Fig. 12(a), the type 6 and the type 
7 is corresponding to the type 4 shown in Fig. 1 1 (a) with 
replacing the "boundary emboss zone 1 " with a "bound- 
ary zone 1 ". In the type 6, the "boundary zone 1 " is as- 20 
signed to be a recordable groove area, which is record- 
ed with a wobble signal and a LPP. In the type 7, the 
"boundary zone 1 " is assigned to be an emboss pit area, 
which is recorded with a wobble signal but not recorded 
with a LPP. Further, a "boundary emboss zone 2" shown 25 
in Fig. 12(a) is assigned to be another emboss pit area, 
which is recorded with a wobbling signal and a LPP as 
same as those recorded in the "boundary emboss zone 
1" and the "boundary emboss zone 2" in Fig. 11(a). In a 
case of the type 7, the "boundary emboss zone 2" is an 30 
area, wherein it is acceptable that a LPP can not be read 
out accurately although the LPP is recorded. An identi- 
fication information such as a "type 6 flag" and a "type 
7 flag" for identifying the type 6 or type 7 is prerecorded 
in a LPP or in a read only area such as a readable "con- 35 
trol data zone". 

[0123] By defining an area as mentioned above, the 
type 6 and the type 7 can be unified into a common for- 
mat. Since there existed two cases of recording the area 
and reproducing the area then, by prerecording a wob- 40 
ble signal in the area although an address signal is not 
recorded in a LPP of the area, a speed signal of a spindle 
can be produced and an address signal of the LPP can 
be recorded by interpolating the address signal by using 
a specific circuit. Actually, in a case of recording the *5 
"boundary zone 1 as shown in Fig. 1 2(b), an ECC block 
of a latter half of two ECC blocks is assigned to be a 
"linking loss area" for the type 6 and a recording is per- 
formed up to the "linking loss area". In a case of the type 
7, an ECC block of a first half of the two ECC blocks is so 
assigned to be the "linking loss area" and a recording is 
performed up to the "linking loss area". 
[01 24] Further, by prerecording a wobble signal in the 
"boundary emboss zone 2° for a same reason as men- 
tioned above, a recording clock signal for recording can 55 
be produced continuously and a speed signal for a spin- 
dle can also be produced. Accordingly, a recording and 
reproducing process can be assured with maintaining 
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interchangeability between the type 6 and type 7. In this 
case, an offset signal may generate in a push-pull signal 
in an intermediate area and an offset signal in DC (direct 
current) may generate in a wobble signal. By using a 
certain method such that the offset signal is passed 
through a band pass filter, a wobble signal can be con- 
tinuously obtained without any dropout, or the wobble 
signal can be formed with a minor dropout in a short pe- 
riod of time. Therefore, an affection of offset can be elim- 
inated by interpolating continuity of a wobble signal by 
using a specific circuit. By configuring as mentioned 
above, interchangeability can be further maintained 
while recording and reproducing and a manufacturing 
method of two types of discs can be realized. Accord- 
ingly, such the format is advanced and promoted further- 
more. 

[0125] In addition thereto, it is common to all the em- 
bodiments that the "boundary emboss zone 1" or the 
"boundary zone 1" is formed as a pit in an intermediate 
area equivalent to one round of a disc. However, two 
ECC blocks allocated as the intermediate area is a larg- 
er area than one round of a disc slightly. Therefore, 
some sectors or some sync frames of the latter half of 
the ECC blocks are a readable area as same as the 
"control data zone" following the "boundary emboss 
zone 1" or the "boundary zone 1". Further, the area is 
provided with at least two sync frames, so that the "con- 
trol data zone" can be read out from a head of the zone 
accurately by drawing a reproduction signal into a PLL 
(phase locked loop) circuit or by performing the sync de- 
tection between the two sync frames when reproducing 
the "control data zone". The "boundary emboss zone 2" 
is also formed as a pit in an intermediate area equivalent 
to one round of a disc. Two ECC blocks, which are allo- 
cated as the intermediate area, are a larger area than 
one round of a disc slightly. Accordingly, some sectors 
or some sync frames of the latter half of the ECC blocks 
are a readable area of enabling to read out a wobble 
signal and a LPP signal as same as the "unreadable 
emboss zone" following the "boundary emboss zone 2". 
[0126] By formatting as mentioned above, an LPP or 
an information about the type 6 or the type 7 recorded 
in the "control data zone" is obtained by the "Write 
Mode" (recording operation) and the "Read Mode" (re- 
producing operation) shown in the leftside of Fig. 12(a), 
wherein a same process as described in the embodi- 
ments mentioned above is omitted. In a case of the 
"Write Mode" of the type 6, the "Write Mode" performs 
recording up to a "linking loss area", which is a last ECC 
block of the "boundary zone 1 ", and then the "recording" 
mode is switched over to a "reading" mode. In the "read- 
ing gen wclk" mode, a wobble signal is read out from 
the "unreadable emboss with LPP" area and a clock for 
recording is produced, and then an address signal is 
produced from a LPP and a timing for recording is pro- 
duced. After that, a "recording" mode starts again from 
the "buffer zone 2". In a case of the "Write Mode" of the 
type 7, the "Write Mode" performs recording up to a "link- 
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ing loss area", which is a last ECC block preceding the 
"boundary zone 1", and then the "recording" mode is 
switched over to a "reading" mode. In the "reading gen 
wclk" mode, a wobble signal is read out from the "un- 
readable emboss with LPP" area and a clock for record- 
ing is produced, and then an address signal is produced 
from a LPP and a timing for recording is produced. After 
that, a "recording" mode starts again from the "buffer 
zone 2". If a recording medium of the type 7 is recorded 
by the method for the type 6 with assuming the recording 
medium as the type 6 without obtaining the information 
of the type 6 or type 7 recorded in the LPP or the "control 
data zone", the recording medium can be continuously 
recorded in accordance with a wobble signal, which can 
be continuously obtained, even though an LPP signal 
can not be obtained. In this particular case, a recorded 
signal can not be read out from the area when the area 
is reproduced. However, the recorded signal is an infor- 
mation of one track and is not an information recorded 
in an important information area, so that no problem may 
happen. In addition thereto, the "Read Mode" is a same 
as that of other embodiments mentioned above, so that 
its description is omitted. 

[Sixth Embodiment] 

[01 27] Fig. 1 3(a) is a partially enlarged cross section- 
al view of a resist board of an information recording me- 
dium according to a sixth embodiment of the present in- 
vention in a cutting state. 

[0128] Fig. 13(b) is a partially enlarged plan view of 
the resist board shown in Fig. 13(a). 
[0129] In the embodiments mentioned above, a bot- 
tom of each track is configured in a same depth. How- 
ever, in the sixth embodiment shown in Fig. 13(a), an 
intermediate area (P603) is composed of guide grooves 
6a through 6e (hereinafter generically referred to guide 
groove 6) having a different depth. A bottom of a guide 
groove area P603 gradually becomes shallower in a 
predetermined gradient from a direction of a guide 
groove area P602 (having guide grooves 1 A through 1c) 
to a direction of a pit array area P601 having pit arrays 
PAa through PAc and a bottom of the pit array area P601 
is a same as that of the guide groove area P602. Differ- 
ence of a method of manufacturing such the depth con- 
figuration of the sixth embodiment from that of the prior 
art is as follows. 

[01 30] In the intermediate area P603 as a transitional 
area from the guide groove area P602 to the pit array 
area P601 , wherein a bottom of a track is allocated on 
the top surface of a glass substrate 101 , a condition of 
cutting a guide groove and a LPP by exposing a resist 
board 600 as deep as the top surface of the glass sub- 
strate 1 01 is utilized as an initial condition. A laser beam 
"A" contains a wobble signal. The laser beam "A" is 
swung or wobbled right and left horizontally by a light 
polarizing device (not shown) so as to be an amplitude 
of 1 5 nm on the resist board 600. An intensity of the laser 



beam "A" is regulated to an intensity PA3 such that a 
width of the guide groove "1" becomes 0.3 nm and a 
depth of the groove becomes approximately 30 nm. On 
the other hand, a laser beam "B" is regulated to an in- 
5 tensity PB3 so as to form a LPP (land pre-pit) in a depth 
of approximately 30 nm. A cutting process is performed 
by the constant linear velocity (CLV) method. A turntable 
(not shown) is controlled such that one rotation of the 
resist board 600 is equivalent to one track pitch and 
10 makes a movement of constant velocity by 0.74 urn from 
an inner circumference to an outer circumference of the 
resist board 600. Each output of the laser beams "A" 
and "B" is continuously changed while cutting a slanted 
portion of 3 tracks. While cutting the slanted portion, the 
laser beam "A" is controlled to be a specific beam 
strength suitable for recording a guide groove having a 
bottom of not reaching the top surface of the glass sub- 
strate 101, wherein a bottom of a guide groove is not 
exposed until the top surface of the glass substrate 1 01 . 
A wobble signal shifts or wobbles the laser beam "B" 
right and left horizontally by a light polarizing device (not 
shown) so as to be an amplitude of 1 5 nm on the resist 
board 600. An intensity of the laser beam "B" is regulat- 
ed to an intensity such that a width of a guide groove 
becomes 0.3 u, m and a depth of the groove becomes 
approximately 30 nm. Further, the laser beam "B" is con- 
trolled to increase continuously up to specific beam 
strength suitable for forming a LPP on a side of a guide 
groove. 

[01 31 ] In the intermediate area P603 as a transitional 
area from the pit array area P601 to the guide groove 
area P602, wherein a bottom of a guide groove is allo- 
cated on the top surface of the glass substrate 101, it is 
defined as an initial condition such that the laser beam 
"A" is controlled to increase its beam strength continu- 
ously up to specific beam strength suitable for recording 
a guide groove, which is exposed until the top surface 
of the glass substrate 101 , while cutting a slanted por- 
tion of 3 tracks by certain beam strength suitable for re- 
cording a guide groove having a bottom of not reaching 
the top surface of the glass substrate 1 01 . With respect 
to the laser beam "B", its beam strength is continuously 
changed from certain beam strength suitable for forming 
a desired LPP to specific beam strength designated to 
form a LPP to be cut having a depth of approximately 
30 nm while cutting a slant portion of 3 tracks. 
[0132] In a track of a recordable intermediate area 
having a slant of a disc produced by the method men- 
tioned above, offset may happen slightly by a tracking 
system of either the push-pull method or the differential 
push-pull method. However, the track can be recorded 
and reproduced. Since the track can not be recorded by 
the push-pull method as mentioned above, it is not nec- 
essary for the track to be composed of a pre-pit. Accord- 
ingly, the track can be designated to be a recordable 
area. Further, a tracking can be stably performed by the 
DPD method without any problem such as offset after 
the track as the recordable area is recorded. In the 
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aforementioned embodiment, if an intermediate area 
composed of a pit area is overwritten, or due to a pit 
shape in the intermediate area, offset may happen by 
the DPD method. However, in the sixth embodiment, 
this kind of problem can be solved. Furthermore, both a s 
wobble signal and an address signal of a LPP can be 
previously formed in the intermediate area. Accordingly, 
a recording operation of a signal to be recorded can al- 
most accurately be performed and a reproducing oper- 
ation of a reproduction signal can also stably be per- 10 
formed. 

[0133] Fig. 14(a) shows a configuration of a lead-in 
area and a data area of the information recording medi- 
um according to the sixth embodiment of the present 
invention. Figs. 14(b) and 14(c) are comparison tables is 
showing differences between a type 6 and a type 8. In 
Figs. 14(b) and 14(c), a wording WBL indicates wob- 
bling. 

[0134] In this configuration shown in Figs. 14(a) 
through 14(c), a wobble signal is recorded in all areas 20 
and the wobble signal can be obtained from all the are- 
as. A type 6 shown in Fig. 14(a) is substantially a same 
as the type 6 shown in Figs. 1 2(b) and 1 2(c). Further, in 
a case of the type 7 shown in Fig. 12(c), the "boundary 
zone 1" is not recorded with an LPP as an emboss prt 25 
area although wobbling (WBL) is recorded in there. On 
the other hand, in a case of a type 8 shown in Fig. 14 
(a), a "boundary zone 1" is an area, which is slanted as 
mentioned above and recorded with wobbling (WBL) 
and an LPP as a recordable groove area, wherein it is 30 
not necessary for an LPP to be read out accurately al- 
though the LPP is allocated in the area. Furthermore, in 
a case of the type 7 shown in Fig. 12(d), the "boundary 
emboss zone 2" is recorded with WBL and an LPP as 
an emboss pit area. However, in a case of the type 8 35 
shown in Fig. 14(c), an "boundary emboss zone 2" is an 
area, wherein it is not necessary for an LPP to be read 
out accurately although the LPP is recorded in the area. 
An identification information for identifying the type 6 or 
the type 8 is prerecorded in an LPP or in a read only 40 
area such as a "control data zone". The identification 
information can be defined by writing a code such as 
"0": without boundary and "1": with boundary, for exam- 
ple, in a "Media type 3" of a "Disc physical code" in an 
LPP information. 45 
[0135] If the area is defined as mentioned above, the 
type 6 and the type 8 can be unified into a common for- 
mat. In two cases of recording the area and reproducing 
the area then, a speed signal for a spindle can be pro- 
duced by a wobble signal although an address signal of so 
an LPP can not be detected in the intermediate area. 
Further, an address signal of the LPP can be recorded 
by interpolating the address signal by using a specific 
circuit. Actually, in a case of recording the "boundary 
zone 1 ", an ECC block at an address of "2F1 F0h n is as- ss 
signed to be a "linking loss area" for both the type 6 and 
the type 8, and then a recording is performed up to the 
"linking loss area". 



[01 36] Further, by prerecording a wobble signal in the 
"boundary emboss zone 2° for a same reason as men- 
tioned above, a recording clock signal for recording can 
be produced continuously and a speed signal for a spin- 
dle can also be produced. Accordingly, a recording and 
reproducing process can be assured with maintaining 
interchangeability between the type 6 and type 8. In this 
case, an offset signal may generate in a push-pull signal 
in an intermediate area and an offset signal in DC may 
generate in a wobble signal. By using a certain method 
such that the offset signal is passed through a band pass 
filter, a wobble signal can be continuously obtained with- 
out any dropout, or the wobble signal can be formed with 
a minor dropout in a short period of time. Therefore, an 
affection of offset can be eliminated by interpolating con- 
tinuity of a wobble signal by using a specific circuit. By 
configuring as mentioned above, interchangeability can 
be further maintained while recording and reproducing 
and a manufacturing method of two types of discs can 
be realized. Accordingly, such the format is advanced 
and promoted furthermore. 

[0137] By formatting as mentioned above, an LPP or 
an information about the type 6 or the type 8 recorded 
in the "control data zone" is obtained by the "Write 
Mode" (recording operation) and the "Read Mode" (re- 
producing operation) shown in the left side of Fig. 1 4(a), 
wherein a same process as described in the embodi- 
ments mentioned above is omitted. In a case of the 
"Write Mode" of the type 6 and the type 8, the "Write 
Mode" is performed by recording up to a "linking loss 
area", which is a last ECC block of the "boundary zone 
1", and then the "recording" mode is switched over to a 
"reading" mode. In the "reading gen wclk" mode, a wob- 
ble signal is read out from the "unreadable emboss with 
LPP" area and a clock for recording is produced, and 
then an address signal is produced from an LPP and a 
timing for recording is produced. After that, a "recording" 
mode starts again from the "buffer zone 2". Further, in 
a case of recording the "boundary zone 1" by the type 
8 and using the push-pull method for tracking error, an 
offset signal generates in a tracking error signal within 
a permissible range. Therefore, by measuring an offset 
value previously when recording the "boundary zone 1 ", 
the "boundary zone r can be accurately recorded with 
controlling to cancel offset in response to the offset val- 
ue. Furthermore, if a recording medium of the type 8 is 
recorded by the method for the type 6 with assuming the 
recording medium as the type 6 without obtaining the 
information of the type 6 or the type 8 recorded in the 
LPP or the "control data zone", the recording medium 
can be continuously recorded in accordance with a wob- 
ble signal, which can be continuously obtained, even 
though an LPP signal can not be obtained. 

[Seventh Embodiment] 

[01 38] Fig. 1 5 is a waveform of a tracking error signal 
according to a seventh embodiment of the present in- 
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vention. 

[0139] In this seventh embodiment of the present in- 
vention, it is depicted that a type of a disc equivalent to 
that of the sixth embodiment shown in Figs. 14(a) 
through 1 4(c) is defined as the type 1 of the first embod- 5 
iment shown in Fig. 5. Difference of the seventh embod- 
iment from Figs. 5 and 14(a) through 14(c) is as follows 
with considering the differences macroscopically. The 
type 6 shown in Figs. 14(a) through 14(c) is correspond- 
ing to the type 6 shown in Figs. 12(a) through 12(d). Fur- 10 
ther, the type 6 is substantially the same as the type 1 
shown in Fig. 5 except for some zone names. In other 
words, the type 8 shown in Figs. 14(a) through 14(c) is 
assigned to be a recordable groove area, which is slant- 
ed as mentioned above and recorded with WBL and an *s 
LPP, and to be a same area as the "buffer zone 1 " of the 
type 1 . Therefore, the type 8 can be defined or called as 
the "buffer zone 1 M . Similarly, the "boundary emboss 
zone 2" shown in Figs. 1 4(a) through 1 4(c) is an emboss 
pit area recorded with WBL and an LPP and is a same 20 
area as the "unreadable emboss with LPP" area. There- 
fore, the boundary emboss zone 2" can be defined or 
called as the "unreadable emboss with LPP" area, 
wherein a reproduction signal can not be read out ac- 
curately from the area although an LPP signal can be 25 
read out. Further, the "unreadable emboss with LPP" ar- 
ea is utilized for servo controlling, so that the area can 
be called a "servo block". 

[0140] By the above-mentioned definition, the type 6 
and the type 8 shown in Figs. 14(a) through 14(c) can 30 
use the same drawing as the type 1 shown in Fig. 5. 
However, the flags for indicating the type 6 and the type 
8 are not existed in Fig. 5. Further, in two boundaries, 
where two bou ndary zones of the "boundary zone 1 " and 
the "boundary emboss zone 2" are allocated, a tracking 35 
error signal particularly by the push-pull method may be 
different from an amplitude level and an offset level in a 
regular signal area, wherein a boundary track of the 
boundaries are such as a track between the "buffer zone 
1 " of a recordable area and the "control data zone" com- 40 
posed of a pit and one or more tracks allocated adjacent 
to another boundary between the "control data zone" 
and the "unreadable emboss with LPP" area of a read 
only track in which a reproduction signal composed of 
a pit can not be accurately read out from the area. By *5 
using the type 1 shown in Fig. 5, these two boundaries 
are expressed in other words. The two boundaries are 
such that a track between the "buffer zone 1" including 
the "linking loss area" being a recordable area and the 
"control data zone", which is composed of a pit, and one 50 
or more tracks allocated adjacent to another boundary 
between the "control data zone" and the "unreadable 
emboss with LPP" area being a read only track, wherein 
a reproduction signal composed of a pit can not be ac- 
curately read out. In these two boundaries, a tracking 55 
error signal particularly by the push-pull method may be 
different from an amplitude level and an offset level in a 
regular signal area. 



[0141] In a recordable area and a read only area, am- 
plitude of the tracking error signal by the push-pull meth- 
od is basically different from each other. Amplitude of a 
tracking error signal is defined in the respective areas. 
As shown in Fig. 1 5, when a laser beam crosses a track 
particularly in a tracking off mode, amplitude of a track- 
ing error signal by the push-pull method in a recordable 
area is designated such that a peak value in an upward 
direction is P1 and another peak value in a downward 
direction is P2 with standardizing a center voltage. Fur- 
ther, in a boundary between a pit area and the recorda- 
ble area, peak values in an upward direction and a 
downward direction are defined as P3 and P4 respec- 
tively. Relations among the P1 through P4 are as fol- 
lows: 

P3 / (P1 + P2) > 0.2 and P4 / (P1 + P2) > 0.2. 

[0142] The value 0.2 is necessary for stabilizing con- 
trols such as tracking while recording or reproducing the 
areas shown in Fig. 1 5 even when a tracking error signal 
by the push-pull method becomes smaller. Furthermore, 
the value 0.2 may vary by a measuring method, so that 
a range of 0.15 through 0.3 approximately is more de- 
sirable. 

[01 43] For instance, in a readable area other than the 
boundary shown in Fig. 15, an offset amount of ampli- 
tude of a tracking error signal is defined by a formula 
(P1 - P2) / (P1 + P2) as the asymmetry standard. When 
these two boundaries are defined by using the formula, 
in a case that amplitude of P1 and P2 are symmetrical 
with each other as shown in Fig. 15 and their amplitude 
are as small as unlimitedly, the formula (P1 - P2) / (P1 
+ P2) is satisfied. However, there existed a problem 
such that a tracking servo becomes unstable. In a case 
that amplitude of P3 and P4 are symmetrical with each 
other and their amplitude are small enough within a 
range of maintaining a tracking servo stable to the con- 
trary, a disc can not be satisfied by a value of the formula 
(P1 - P2) / (P1 + P2). Therefore, a margin of manufac- 
turing a disc is deteriorated. Accordingly, defining the 
boundary by introducing the two inequalities mentioned 
above is most desirable for a disc according to the sev- 
enth embodiment of the present invention. 
[0144] By formatting mentioned above, the "Write 
Mode" (recording operation) and the "Read Mode" (re- 
producing operation) shown in Fig.5 is performed in a 
sequence of operations shown in the left side of Fig. 5. 
However, at a time when a disc is discriminated as the 
disc of the type according to the seventh embodiment, 
the "Write Mode" performs recording up to the "linking 
loss area" with designating the "buffer zone 1" as the 
"linking loss area" of a last ECC block, wherein the "buff- 
er zone 1 " is equivalent to the "boundary zone 1 " shown 
in Fig. 14(a). Further, an area adjacent to the "linking 
loss area" is a boundary as mentioned above. In a case 
that amplitude of a tracking error signal is small, an off- 
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set level of the tracki ng error s ig nal may be different from 
that of other tracks. Therefore, by changing a gain and 
an offset control value during a tracking control, only 
when recording the boundary, a recording control can 
be performed stably. Furthermore, the offset control val- 
ue can be altered by a result of reviewing an offset level 
of a tracking error signal previously measured in the 
boundary. The "Write Mode" is changed over to the 
"reading" mode thereafter, the "control data zone" is re- 
produced. Then, in the "reading gen wclk" mode, a wob- 
ble signal is read out from the "unreadable emboss with 
LPP" area, a clock for recording is produced, an address 
signal is produced from the LPP, and timing for recording 
is produced. Succeedingly, the "recording" mode re- 
starts from the "buffer zone 2." An area covering the 
"control data zone" through the "unreadable emboss 
with LPP" area is also a boundary. In a case that ampli- 
tude of a tracking error signal in this boundary is small, 
an offset level of the tracking error signal may be differ- 
ent from that of other tracks. Therefore, by changing a 
gain and an offset control value during a tracking control, 
only when reading this boundary, a recording control 
can be performed stably. Further, the offset control value 
can be altered by a result of reviewing an offset level of 
a tracking error signal previously measured in this 
boundary. At a time when a disc is discriminated as the 
disc of the type according to the seventh embodiment, 
it is a regular method for the "control data zone" when 
being reproduced. The method is such that the "Read 
Mode" shown in Fig. 5 moves in a neighborhood of the 
"linking loss area" being a last ECC block of the "buffer 
zone 1 " and a first area of the "control data zone" is re- 
produced, wherein the "buffer zone 1" is equivalent to 
the "boundary zone 1 " shown in Fig. 1 4(a). In this case, 
an area adjacent to the "linking loss area" is a boundary 
as mentioned above. In a case that amplitude of a track- 
ing error signal in this boundary is small, an offset level 
of the tracking error signal may be different from that of 
other tracks. Therefore, by changing a gain and an offset 
control value during a tracking control and by performing 
a recording control stably only when reading this bound- 
ary, the boundary can be passed through without any 
problem. Further, the offset control value can be altered 
by a result of reviewing an offset level of a tracking error 
signal previously measured in this boundary. In addition 
thereto, the boundary is recorded with an information 
having no meaning such as a data of totally "0" (zero). 
Therefore, the boundary can be skipped even though a 
data read out from the boundary becomes error. Accord- 
ingly, reproducing the "control data zone" obtains a nec- 
essary lead-in information and other information related 
to copyright protection, and then moving to the "data ar- 
ea" performs a reproduction process of contents. 
[01 45] While the invention has been described above 
with reference to specific embodiments thereof, it is ap- 
parent that many changes, modifications and variations 
in the arrangement of equipment and devices and in ma- 
terials can be made without departing from the invention 



concept disclosed herein. For example, two boundaries 
are mentioned above. They can be existed both togeth- 
er or either one individually. Further, a boundary is either 
an area such as an intermediate area and a transitional 

5 area or a boundary between two areas. A tracking error 
in a boundary is different from that in respective two ar- 
eas adjacent to the bou ndary. In addition thereto, a man- 
ufacturing method, configurations, and names of zones 
and areas are just utilized for explaining one embodi- 

io ment. Accordingly, the present invention is not limited to 
such a manufacturing method, error correction format, 
and a disc configuration for one embodiment. 
[0146] According to the aspect of the present inven- 
tion, a boundary is provided either between a read only 

15 area and a recording area or between a read only area 
and another read only area, or a boundary is defined 
previously. A recording and reproducing signal charac- 
teristic can be improved. Further, the present invention 
is advantageous to eliminate problems such that an ex- 

20 cessive offset signal may generates in a tracking error 
signal, a tracking error signal may drop off, and tracka- 
bility may decrease while recording. Furthermore, the 
present invention has an advantage of such that a disc 
in a different type can also be recorded or reproduced 

25 without any problem. 



Claims 



30 1. An information recording medium comprising: 



an information track formed spirally or in coax- 
ial circles; 

a recordable area for information being prere- 
corded with a frequency signal and an address 
signal from an inner circumference of said in- 
formation track; and 

a read only area being recorded with a repro- 
duction signal as a readable pit, wherein there 
existed a boundary between said recordable 
area and said read only area. 
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2. The information recording medium in accordance 
with claim 1, wherein continuity of a tracking error 

45 signal is regulated in an area adjacent to said 
boundary between said recordable area and said 
read only area. 

3. The information recording medium in accordance 
50 with claim 1 , wherein a push-pull signal is regulated 

in an area adjacent to said boundary between said 
recordable area and said read only area. 



55 



4. An information recording medium comprising: 

an information track formed spirally or in coax- 
ial circles; 

a first read only area recorded with a frequency 
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signal being recorded as a pit being able to read 
out a reproduction signal; and 
a second read only area recorded as a pit being 
unable to read out a reproduction signal and 
prerecorded with a frequency signal and an ad- 
dress signal, wherein there existed a boundary 
between said recordable area and said read 
only area. 

5. The information recording medium in accordance 
with claim 4, wherein continuity of a tracking error 
signal is regulated in an area adjacent to said 
boundary between said first read only area and said 
second read only area. 

6. The information recording medium in accordance 
with claim 4, wherein a push-pull signal is regulated 
in an area adjacent to a boundary between said first 
read only area and said second read only area. 

7. An information recording medium comprising: 

an information track formed spirally or in coax- 
ial circles; 

a recordable area for information being prere- 
corded with a frequency signal and an address 
signal from an inner circumference of said in- 
formation track; 

a first read only area recorded with a frequency 
signal being recorded as a pit being able to read 
out a reproduction signal; and 
a second read only area recorded as a pit being 
unable to read out a reproduction signal and 
prerecorded with a frequency signal and an ad- 
dress signal, wherein there existed a boundary 
between said recordable area and said first 
read only area and another boundary between 
said first read only area and said second read 
only area. 

8. The information recording medium in accordance 
with claim 7, wherein continuity of a tracking error 
signal is regulated in an area adjacent to said 
boundary between said recordable area and said 
first read only area and in another area adjacent to 
said other boundary between said first read only ar- 
ea and said second read only area. 

9. The information recording medium in accordance 
with claim 7, wherein a push-pull signal is regulated 
in an area adjacent to a boundary between said re- 
cordable area and said first read only area and in 
another area adjacent to a boundary between said 
first read only area and said second read only area. 

10. The information recording medium in accordance 
with claim 1 , wherein said continuity of said tracking 
error signal is regulated as a ratio of amplitude in 



the boundary as amplitude in upward and down- 
ward directions from a center of amplitude of a 
tracking error signal in a regular area to amplitude 
of the tracking error signal in the regular area. 

5 

11. The information recording medium in accordance 
with claim 1 0, wherein said continuity of said track- 
ing error signal is regulated as P3 / (P1 +P2) > 0.2 
and P4 / (P1 + P2) > 0.2, and wherein the amplitude 

10 of the tracking error signal in the regular area is de- 
fined as P1 + P2, and the amplitude in the upward 
and the downward directions from the center of the 
amplitude of the tracking error signal in the regular 
area are defined as P3 and P4 respectively. 

15 

12. The information recording medium in accordance 
with claim 3, wherein said push-pull signal is regu- 
lated as a ratio of amplitude in the boundary as am- 
plitude in upward and downward directions from a 

20 "center of amplitude of a tracking error signal in a 
regular area to amplitude of the tracking error signal 
in the regular area. 

13. The information recording medium in accordance 
25 with claim 12, wherein said push-pull signal is reg- 
ulated as P3 / (P1 +P2) > 0.2 and P4 / (P1 + P2) > 
0.2, and wherein the amplitude of the tracking error 
signal in the regular area is defined as P1 + P2, and 
the amplitude in the upward and the downward di- 

30 rections from the center of the amplitude of the 
% tracking error signal in the regular area are defined 
as P3 and P4 respectively 

14. The information recording medium in accordance 
35 with claim 5, wherein said continuity of said tracking 

error signal is regulated as a ratio of amplitude in 
the boundary as amplitude in upward and down- 
ward directions from a center of amplitude of a 
tracking error signal in a regular area to amplitude 
40 of the tracking error signal in the regular area. 

15. The information recording medium in accordance 
with claim 14, wherein said continuity of said track- 
ing error signal is regulated as P3 / (P1 +P2) > 0.2 

45 andP4/(P1 + P2)>0.2, and wherein the amplitude 
of the tracking error signal in the regular area is de- 
fined as P1 + P2, and the amplitude in the upward 
and the downward directions from the center of the 
amplitude of the tracking error signal in the regular 

so area are defined as P3 and P4 respectively. 

16. The information recording medium in accordance 
with claim 6, wherein said push-pull signal is regu- 
lated as a ratio of amplitude in the boundary as am- 

55 plitude in upward and downward directions from a 
center of amplitude of a tracking error signal in a 
regular area to amplitude of the tracking error signal 
in the regular area. 
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17. The information recording medium in accordance 
with claim 16, wherein said push-pull signal is reg- 
ulated as P3 / (P1 +P2) > 0.2 and P4 / (P1 + P2) > 
0.2, and wherein the amplitude of the tracking error 
signal in the regular area is defined as P1 + P2, and 
the amplitude in the upward and the downward di- 
rections from the center of the amplitude of the 
tracking error signal in the regular area are defined 
as P3 and P4 respectively. 

18. The information recording medium in accordance 
with claim 8, wherein said continuity of said tracking 
error signal is regulated as a ratio of amplitude in 
the boundary as amplitude in upward and down- 
ward directions from a center of amplitude of a 
tracking error signal in a regular area to amplitude 
of the tracking error signal in the regular area. 

19. The information recording medium in accordance 
with claim 18, wherein said continuity of said track- 
ing error signal is regulated as P3 / (P1 +P2) > 0.2 
and P4/ (P1 + P2) > 0.2, and wherein the amplitude 
of the tracking error signal in the regular area is de- 
fined as P1 + P2, and the amplitude in the upward 
and the downward directions from the center of the 
amplitude of the tracking error signal in the regular 
area are defined as P3 and P4 respectively. 

20. The information recording medium in accordance 
with claim 9, wherein said push-pull signal is regu- 
lated as a ratio of amplitude in the boundary as am- 
plitude in upward and downward directions from a 
center of amplitude of a tracking error signal in a 
regular area to amplitude of the tracking error signal 
in the regular area. 

21. The information recording medium in accordance 
with claim 20, wherein said push-pull signal is reg- 
ulated as P3 / (P1 +P2) > 0.2 and P4 / (P1 + P2) > 
0.2, and wherein the amplitude of the tracking error 
signal in the regular area is defined as P1 + P2, and 
the amplitude in the upward and the downward di- 
rections from the center of the amplitude of the 
tracking error signal in the regular area are defined 
as P3 and P4 respectively. 

22. A recording method of an information recording me- 
dium, which comprises an information track formed 
spirally or in coaxial circles, a recordable area for 
information being prerecorded with a frequency sig- 
nal and an address signal from an inner circumfer- 
ence of said information track, and a read only area 
being recorded with a reproduction signal as a read- 
able pit, wherein there existed a boundary between 
said recordable area and said read only area, said 
recording method comprising steps of: 

identifying the information recording medium 



by reproducing an identification information out 
of information recorded on the information re- 
cording medium; 

judging said boundary being identified in said 
5 step of identifying by using an address informa- 

tion; and 

recording in a vicinity of said boundary for per- 
forming a recording process by altering a con- 
trol method of tracking. 

10 

23. A recording method of an information recording me- 
dium, which comprises an information track formed 
spirally or in coaxial circles, a first read only area 
recorded with a frequency signal being recorded as 
a pit being able to read out a reproduction signal, 
and a second read only area recorded as a pit being 
unable to read out a reproduction signal and prere- 
corded with a frequency signal and an address sig- 
nal, wherein there existed a boundary between said 
said first read only area and said second read only 
area, said recording method comprising steps of: 

identifying the information recording medium 
by reproducing an identification information out 
of information recorded on the information re- 
cording medium; 

judging said boundary being identified in said 
step of identifying by using an address informa- 
tion; and 

recording in a vicinity of said boundary for per- 
forming a recording process by altering a con- 
trol method of tracking. 

24. A recording method of an information recording me- 
dium, which comprises an information track formed 
spirally or in coaxial circles, a recordable area for 
information being prerecorded with a frequency sig- 
nal and an address signal from an inner circumfer- 
ence of said information track, a first read only area 
recorded with a frequency signal being recorded as 
a pit being able to read out a reproduction signal, 
and a second read only area recorded as a pit being 
unable to read out a reproduction signal and prere- 
corded with a frequency signal and an address sig- 
nal, wherein there existed a boundary between said 
recordable area and said first read only area and 
another boundary between said first read only area 
and said second read only area, said recording 
method comprising steps of: 

identifying the information recording medium 
by reproducing an identification information out 
of information recorded on the information re- 
cording medium; 

judging said boundary being identified in said 
step of identifying by using an address informa- 
tion; and 

recording in a vicinity of said boundary for per- 
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42 



forming a recording process by altering a con- 
trol method of tracking. 

25. A reproducing method of an information recording 
medium, which comprises an information track 5 
formed spirally or in coaxial circles, a recordable ar- 
ea for information being prerecorded with a fre- 
quency signal and an address signal from an inner 
circumference of said information track and a read 
onty area being recorded with a reproduction signal 10 
as a readable pit, wherein there existed a boundary 
between said recordable area and said read only 
area, said reproducing method comprising steps of: 

identifying the information recording medium *5 
by reproducing an identification information out 
of information recorded on the information re- 
cording medium; 

judging said boundary being identified in said 
step of identifying by using an address informa- 20 
tion; and 

reproducing said boundary for performing a re- 
producing process by altering a control method 
of reproducing. 

25 

26. A reproducing method of an information recording 
medium, which comprises an information track 
formed spirally or in coaxial circles, a first read only 
area recorded with a frequency signal being record- 
ed as a pit being able to read out a reproduction 30 
signal, and a second read only area recorded as a 

pit being unable to read out a reproduction signal 
and prerecorded with a frequency signal and an ad- 
dress signal, wherein there existed a boundary be- 
tween said first read only area and said second read 35 
only area, said reproducing method comprising 
steps of: 

identifying the information recording medium 
by reproducing an identification information out 40 
of information recorded on the information re- 
cording medium; 

judging said boundary being identified in said 
step of identifying by using an address informa- 
tion; and 45 
reproducing said boundary for performing a re- 
producing process by altering a control method 
of reproducing. 

27. A reproducing method of an information recording so 
medium, which comprises an information track 
formed spirally or in coaxial circles, a recordable ar- 
ea for information being prerecorded with a fre- 
quency signal and an address signal from an inner 
circumference of said information track, a first read 55 
only area recorded with a frequency signal being 
recorded as a pit being able to read out a reproduc- 
tion signal, and a second read only area recorded 



as a pit being unable to read out a reproduction sig- 
nal and prerecorded with a frequency signal and an 
address signal, wherein there existed a boundary 
between said recordable area and said first read on- 
ly area and another boundary between said first 
read only area and said second read only area, said 
reproducing method comprising steps of: 

identifying the information recording medium 
by reproducing an identification information out 
of information recorded on the information re- 
cording medium; 

judging said boundary being identified in said 
step of identifying by using an address informa- 
tion; and 

reproducing said boundary for performing a re- 
producing process by altering a control method 
of reproducing. 

28. The reproducing method of an information record- 
ing medium in accordance with claim 25, wherein 
said steps further comprises a step of skipping a 
reproduction signal recorded in a vicinity of said 
boundary. 

29. The reproducing method of an information record- 
ing medium in accordance with claim 26, wherein 
said steps further comprises a step of skipping a 
reproduction signal recorded in a vicinity of said 
boundary. 

30. The reproducing method of an information record- 
ing medium in accordance with claim 27, wherein 
said steps further comprises a step of skipping a 
reproduction signal recorded in a vicinity of said 
boundary. 
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